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BALL AND ROLLER 


BEARINGS 


Fischer Bearings Company Ltd. now 


becomes Fafnir Bearing Company Ltd. 
The manufacture of 
FBC bearings continues as before 


FAFNIR BEARING COMPANY LTD. WOLVERHAMPTON 


REGISTERED 

TRADE MARKS 

FAFNIR & & 
F.B.C. 

FISCHER 




















SERVO VALVE 


Specially designed for industrial 
applications. Available for 2.5, 5, 10 
and 15 g._p.m. From 7 watt input to 

12 h.p. output. Suitable for operation 
up to 3,000 Ib. per sq. in. in temperature 
range -20°C to + 100°C. 


MICRON FILTER UNIT 

For highly efficient filtration of particles 
greater than 5 microns from industrial 
hydraulic systems. Available for use 
integral with the Sperry servo valve 

or separately as a line filter 


SERVO VALVE DRIVE AMPLIFIER 
To provide the link between the signalling 
elements of the servo loop, e.g., Sperry 
inductive pick-offs, synchros or tachos 

and the electro-hydraulic servo valve. 
Transistorised design, suitable for operation 
on 50 c.p.s. supply. Power gain is 600 mA 
differential current into a 20 ohm load with 
20 mV input, into 5k ohms, i.e., of the 
order of 10°. Designed to comply with 
industrial conditions. 


AND SYSTEMS 


For over 40 years SPERRY engineers have been developing high- 
precision servo systems, for ships, aircraft, naval erdnance and 
guided missiles. The unrivalled experience gained in advanced 
servo techniques is being applied to the development of 
industrial components and systems. 

Electric signalling combined with hydraulic actuation has been 
chosen by SPERRY designers as the most efficient and reliable 
means, with the widest adaptability to specific applications. 
Three out of a number of precision components are described 
here. Please write for details of the comprehensive SPERRY 
range of electro-hydraulic controls now placed at the service of 
control engineers, for a wide diversity of industries. 


S P E R R - a world-famous name in precision controls 


SPERRY GYROSCOPE COMPANY LIMITED (INDUSTRIAL DIVISION) 
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Great West Road, Brentford, Middlesex 
Telephone: ISLeworth 1241 Telex : 23800 
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SCHRADER FLOW CONTROL VALVES provide a control of movement 
speed so essential to the effective use of compressed air equipment. The range of valves 
has now been extended to give even greater flexibility. 

The valve is easily set, by means of an adjustment screw, thus determining how fast 
the air flows in the “‘ adjusted” direction. If used in conjunction with an air cylinder, 
for instance, the valve can control the pressure build-up and with it the speed of 
the piston thrust, but not its pushing force. This controlled thrust speed avoids the 
impact shock of suddenly applied air pressure, yet permits full thrust force. When 
the valve is operating in the “ full flow” direction a poppet is opened, giving open line 
pressure. Where controlled air flow is required in both directions, two valves can be 
fitted back-to-back. 

Although designed primarily for air control, these valves are equally suitable for 
use with oil or water in hydraulic systems. 


Body of cast brass. The }” bore valve is the latest addition to the Schrader range, 
Non-corrodible plunger assembly, which now covers }”, }” and 3” B.S.P. sizes. These provide a pressure 


replaceable in one unit. range as follows :—AIR : 0-400 P.s.1. OIL or WATER: 0-800 P.S.I. 
Substantial lock-nut 


resists vibration. 


SEL LL a Te 


@ LARGE POPPET TYPE PLUNGER 
PERMITS FAST, FULL RETURN FLOW. 

@ LARGE DIAMETER STAINLESS STEEL 
SEAT GIVES ACCURATE CONTROLLED 
FLOW. NO NEEDLE POINTS TO CLOG. 


er 


POST THIS COUPON TODAY 


FLOW CONTROL VALVES Ee 


Please send details of Schrader Flow Control Valves | 
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Telecommunications 


Two recent major steps in the improvement of world telecom- 
munications have been the laying of the first Trans-Atlantic and the 
California—Hawaii submarine telephone cables. 

When laying cable either on a flat sea bed or over underwater 
mountain ranges, the exact control of paying out speed and tension in 
the cable is of paramount importance. ‘VSG’ variable delivery oil 
hydraulic pumps are used to act as brakes on the cable, which is 
drawn out of the ship by its own weight. This enables a very smooth 
and regulated control to be maintained or instantly varied to suit ship 
speed, paying out speed and tension in the cable. 

It is just another of the highly varied applications of ‘VSG’ 
variable delivery pumps and transmission gears which have now been 
serving modern industry for over fifty years. 


SERVING MODERN INDUSTRY 






VICKERS ARMSTRONGS (ENGINEERS) LTD VICKERS HOUSE BROADWAY LONDON SW! 
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WARNER 


Electric 


BRAKES & CLUTCHES 


electro-magnetic friction 
couplings for cushioned, smooth, 
instantaneous action. Control 
rotating drives—without strain; 
cycle, reverse, index—at the 
touch of a button. Automatic 
compensation for wear through- 
out long life. 


Write for descriptive Warner brochure. 


ST. HELEN’S AUCKLAND 


CO. DURHAM 


Telephone: West Auckland 551/5 
Telegrams: Solenoid, West Auckland 
LONDON 
2 Ashley Place, Carlisle Place, SW1 
Telephone: VICtoria 7301/2 
fp Pte gg me: Harry F. Atkins Cam Milling machine 
r . oy . s C. 
“Tih S fitted with Warner 8.F. 250 Clutch. 
, The Elgar Machine Co. Ltd., London. 


NOT a see 


eee 
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|  SOQLARTROMN 
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Digital Data Recorder 


gives rapid, accurate print-out 
of multichannel data for every 
industry 












: 


90 or 100 channel operation 
0.1% absolute accuracy 

Low unit cost per channel 
CTE MEUM eter 


Designed around a highly accurate 

transistorised analogue-to-digital con- 

verter, the Solartron DDR uses the most 

ae up-to-date design techniques. Commu- 
a | tation is by sequential sampling from 
: — a STUER MAC Ue MUS 
to ensure minimum noise. The proven, 

rugged construction allows the equipment 


' to be used on-site in any industrial plant. 
: SELL 

Saas 

HEL Lae eee ee ra 
; ROR ema oly 


SAMPLING RATE: 2 channels per second 
INPUT CONDITION: Isolated 
Write now for full details ACCURACY: 0.1 
RESOLUTION: 0.075 
COMMON MODE 





Sat) ae Patel an 
THE SOLARTRON ELECTRONIC GROUP LTD. Tee 
Victoria Road, Farnborough, Hants. NU 
‘ate Tel. : Farnborough Hants 3000. , pe prfeisge ™ 


1960 DIMENSIONS: 30 highx20 wide x 23 
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MAGNETIC DEVICES 
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NQIDS 


grealeriorce SiZe ratio 


Forward thinking design and first-class production methods 

have allowed us to produce a range of very high performance solenoids 
for automatic control applications. 

Engineers requiring ‘Specials’ that cannot be covered by the illustrated 


} range are invited to contact our design engineers. 





. | LIMITED 


NEWMARKET ENGLAND Tel: NEWMARKET 3181 (5 lines) Grams: MAGNETIC NEWMARKET 
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When you buy Motor Starters - - 


YOU PAY FOR OVERLOAD PROTECTION 









Let your Sein’ D Field Engineer show you 
one-piece construction is accomplished and how easy 
it is to mismatch separate heaters and solder pots— 
a tripping time tester to compare various types of 
melting alloy units and to prove that tripping time 
won’t change after repeated operation. 








Heat responsive element 
(solder pot) provides accurate 
response to overload, yet pre- 
vents nuisance tripping. 


Only ONE-PIECE Over- 
load Relays can give 100”, 
Protection. Only with ONE-PIECE 
construction can you know you’ve in- 
stalled the heater correctly. Only with 
ONE-PIECE construction can you know 
the heater is exactly centred, or prop- 
erly positioned, so that it performs 
according to its rating. Only with ONE- 
PIECE construction can you know your 
starters will not operate without the 
thermal units properly installed. Only 
with ONE-PIECE construction can you 
know your motors have full protection. 


Heat producing element is an 
integral part of overload unit. It’s 
permanently joined to solder pot, 
can’t become misaligned. 


Only Square D has ONE- 
PIECE Construction. ONE- 
PIECE construction eliminates any 
possibility of heater misalignment. 
Square D melting alloy thermal over- 
load relays can be installed only one 
way. They are tamper-proof. They are 
factory - assembled, are individually 
calibrated and tested. Repeated trip- 
ping will not affect their accuracy. 
Insist on Square D starters with 
melting alloy thermal overload 
relays. 





Individual factory inspection of every Square D 
melting alloy thermal overload relay means perform- 
ance you can trust. Each unit is calibrated and 
thoroughly tested to make sure it will perform 


according to its rating. 


Leaders in Control Gear for over 50 years. 
EC & M Heavy Industry Electrical Equipment. ; . 


CHENEY MANOR SWINDON WILTSHIRE 


Now a part of the Square D line 


SQUARE J] LIMITED 


To nave 


the est 


abd 


Saquore O 


Square D products are stocked by leading electrical wholesalers throughout Great Britain. 


FIELD OFFICES — LONDON * 


BIRMINGHAM = * 


MANCHESTER * GLASGOW ° 
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NEWCASTLE 


BRISTOL * LEEDS 
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THE NEW FIELDEN 


TATUM <2: | 


FIELDEN ECTRONICS 4D - WYTHENSHAWE - MANCHESTER Phone : Wythenshawe 3251 (4 lines) Grams : Humidity Margjfester 
ALSO A RALIA, ITA FAND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH AND I 
Agents throughout the world 








FIRST OF FIELDEN © NEW ‘BIKINI RANGE! 
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Transistorised 
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temperature 


to within 0°5°C 
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note These outstanding feature / ff 


Low Cost—Send for details, you’ Il be surprised. 

Transistorised—Exceptional reliability. No 
warming up period, 12V Battery or mains 
supply. 

Intrinsic Safety—Low voltage, low current 
operation— Intrinsic safety certificate pending. 

Very Robust—completely sealed unit requires 
no attention. No pivots, galvos or other delicate 
moving parts. 

Easily fitted—simple clamp mounting with 
robust terminals for electrical connections. 
Can be mounted at any angle, for example on 
a sloping control panel. 

Remote control —Instrument can be up to 300 ft 
away from the measuring point using simple 
copper wiring. Measuring element is of platinum 
resistance type, housed in a robust }” diameter 
stainless steel sheath. 

Heavy Duty Contacts—Change over electrical 
contacts rated at 5 amps A. C, with quick make 
and break action, Pneumatic control available 
if required. ; 

Accurate calibration—Accurately calibrated 
scale 9” long marked in °C or °F, Easily set to 
required control temperature. ‘ 

High stability— Control point will not vary over" 
many years service. Unaffected by ambiggf™ , 
temperaturé changes or by wide variatioggFin J 
supply voltage. ; 

Wide Temperature range —will contggjfat ag 
temperature between —200° C andg@iF cog 
with a differential of o.5° C. Rafe sp as # 
low as 50° C, se : 

Modern and Compact—Cirggfar mgt typgt 
case. Occupies panel space ofmhly 4}’aifameteg 
Bold pointer shows contgg@? tempegiture. By 
lamp, visible from sidggand frgi¥, indiggtes 
control action. s 

Immediate deliy 
0-120° C, 0-209 
available from 





s 
























Fy—Ins ents ganged 
, 0-300 and offoo° C 
ock in Magchester gondon, Send for full specification sheet BIK/1/NP and price !ist 
Walsall, Stog¥on and Edggburgh. Qier stand 
ard rangeg@#¥ stock at hester. gal elephone 
your urgiiit require s to Wyti@nshawe 3251 
Traf. 3154, Agiprtum (Viisall) 55343, 
Stogon 68617 giprdinburgl32035 (A. R. 
B on). = 
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All this to warm your feet 


With electricity not invented yet, and only gas and hot water to play 
with, how do you warm a bed? People a generation or two back were 
continuously faced with such problems, and they often used considerable 
ingenuity in getting round their difficulties. 


Today, when the problems are so much more complicated, the solution 
is often much simpler — get in touch with Varley’s. If your problem is 
pushing, pulling, punching, prodding, at a distance or automatically, 
the answer, proved many times in many fields, is a Varley Solenoid. 


AVE EY) SOLENOIDS 


TRADE MARK 


ne 





Type ‘ V° (illustrated) 

This is the smallest of the Varley range of 
laminated solenoids. It features a vacuum- 
impregnated coil and all ferrous parts are plated 
and passivated. The captive plunger has a con- 
trolled stroke of §”. 


For full details of Varley Solenoids, write for Illustrated Catalogue S.3. 


OLIVER PELL CONTROL LTD. 














7 
CAMBRIDGE ROW, BURRAGE ROAD, WOOLWICH, S.E.18 WOOLWICH 1422 (5 lines) 
Telegrams: Olipel, London S.E.18 
TA 2668 
al 
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Based on the punched tape technique— 
time-proven in world-wide service— 
Creed equipment today offers you an 
unequalled array of facilities for the 
automatic processing of business data. 
The latest machines . . . the newest 
techniques—all designed to speed, sim- 
plify and economise your operations. 
Whatever your data processing needs— 
a single unit...a complete system— 
you'll find what you want at Creed. 
Why not discover now more about this 
equipment and how it can serve you? 
Bulletin PT.56 will start you off—a copy 
is yours for the asking. 


TELEPRINTERS 


For instant, accurate, two-way office-to-office 
communication of business data—over any 
distance, between any number of locations. 
A single, initial transmission delivers data at 
destination(s) in printed page form, on multi- 
copy stationery or as punched tape for subse- 
quent automatic processing. 


(reed & TELL | MILK 


e 
oe Fe ee 
ee ee 
eeee 

| oe 


CROYDON 


TELEGRAPH HOUSE 





CONTROL February 1960 


PUNCHES 


Record computer output—at 

speeds up to 300 characters 

per second; create input data 

tapes (with or without simul- 

taneous page print-out); pro- 

vide automatic ‘common 

language’ punched tapes of 

routine operations of cash 

registers, accounting machines, 

typewriters, etc. 
EDITING EQUIPMENT 
Facilities for verifying, compar- 
ing, correcting, duplicating, 
combining and winding tapes— 


READERS automatically, at high-speed. 


For continuous automatic tele- 

graphic transmission of punch- 

ed tape data at full circuit 

capability; for input of data to 

computers and other tape- 

controlled equipment. 
EDGE PUNCHED CARD 
EQUIPMENT 


Alpha-numeric punching of 
data along edges of unit-record 
cards and tickets with simul- 
taneous page print-out of coded 
data; automatic high-speed 
conversion of edge card data to 
punched tape for capes 
transmission and/or further 
machine processing. 


. SURREY 


ASSOCIATE 
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Elliott Brothers 













use ASAA P’ 


Patchcord Programming System 
and Taper Technique 


Rear view showing harness employing 
Taper Pin Connection. 


““FIMAC”’ Computer at present in 
use in the Aviation Division of 

Elliott Brothers (London) 
Limited, Boreham Wood. 


Front view of Programme Boards. ype ce . 
\ 

Photographs by courtesy of aA a £ wW 

Panellit Ltd., Member of the 


Elliott Automation Group. 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 


AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept. 23, Amplo House, 87-89 Saffron Hill, London E.C.1. Tel: CHAncery 2902 (7 lines) 
Works : SCOTTISH INDUSTRIAL ESTATES, PORT GLASGOW, SCOTLAND 
TRADE MARK * Trade Mark of AMP Incorporated of U.S.A. 
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YOU CAN GET THIS 





| FROM THIS 





miniaTURE AC. CHOPPER 


FEATURES INCLUDE | or 2 change overs— make before break or break before make, as 
required. 

Screened leads and designed space relationships between components 
reducing noise level to the minimum. 

High stability and long life (in typical AC/DC amplifier applications, 
runs in excess of 1,000 hours are considered normal between 








wort contact trims). 
P } From 10 to 100 c.p.s. working available. 
Driving power — 10 to 50 m/v Amp. according to frequency. 
, Write now for further details to : 
ale SS ON ELECTROMECHANICAL DIVISION 
RING BEESTON, NOTTINGHAM ENGLAND - TEL: BEESTON 254831 
TD. 
T lines) 


HEAD OFFICE : 22 LINCOLN’S INN FIELDS - LONDON, W.C.2 - TEL : HOLborn 6936 


KE) 
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TWICE 
THE 
EFFICIENCY 


eels 
Tad 4 
xed Tah 


ESa racks 


are engineered to your requirements 


In the finest quality zinc-coated steels and finished 
in high-relief hammer stove enamel; other finishes 
available to your own particular specification. 


Lae 







CHIEF FEATURES ARE :— 


\) 


J AS Cae At —— 


@ A high level of accuracy, usually better than 1% overall, and 
good long term stability. 


@ Low cost—less than a quarter of the price of an equivalent 
conventional network analyser. 


@ Universal units each represent a wide range of network 
element, thus reducing the diversity factor. 


a) cw, ee 


@ Ease and precision in setting up. 


f(R F. C. ROBINSON 


f > AND PARTNERS LTD. 


Councillor Lane Cheadle Cheshire 
Telephone: GATley 2469 and 4020 


; - HERTS. 
351 Telegrams: Datum, Watford 


——— | member «AT gd «2» ———_ 
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TYPE RELAY 





3 Prod A 
sca Ss\, SIZE OF BASE 


23” X 14" X 3” 











Patent No, 38370/57 


E SUPPLIED AS FOLLOWS :- 










6 Change-overs Light Duty *® 6Makes or6 Breaks Heavy Duty 





A.R.B. ' 


' A.1.D. 2 Change-overs Heavy Duty and 2 Change-overs Light Duty 
° 

ADMIRALTY Transistorised to operate as low as 3 Micro-amps 
* 

APPROVED A.C. Operation for : 6v. 12v. 24v. SOv. 110v. and 250v. A.C. 


® Double Wound Coils ¢ P.T.F.E. Insulation 
© Operate and Delay up to 5 Seconds 


| Doe vo 


89-97, Parr STREET, CLERKENWELL,E.C.I 
oe Telephone: CLErkenwell 3393/4/5 


3000 & 600 TYPE RELAYS | . 
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Stabilized 
POWER PA 
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FOR 
THERMIONIC 
VALVES | 


High-power 0-600 volts stabilized 300 mA max. ' 
£150 NeTT IN UK. 


L.T. supplies stabilized — two independent 
outputs at 6:3 volts 4 amps. 


H.T. source resistance less than 0-1 ohm at d.c. 
and less than 0-5 ohm up to 30 kc/s. 


Leaflet G 60 


H.T. source resistance may be varied up to 
a maximum of 40 ohms. 





Mains ripple of up to 6 volts can be 
superimposed on H.T. line. 


vor VOU tae 


Overload protection of H.T. line by 
resettable cut-out. 


AWCE COMPONENTS LIMITED 


eet INSTRUMENTS DIVISION Foe ee ee ee ee ee ee ee ee | 
ROEBUCK ROAD * HAINAULT * ILFORD * ESSEX * TELEPHONE : HAINAULT 4444 
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Two new stabilized power packs with outstanding 
features for the development engineer. 


The Type PP.1 has the unique features of stabilized L.T. 
voltages, variable H.T. source resistance, and mains ripple 
injection on the H.T. line. 


' Brrr The Type PP.3 is fully transistorized and provides simul- 
: taneous d.c. voltages of either polarity, and is fully protected 
against accidental short-circuit. 








| 
U UR 
TRANSISTORS B= Two independent variable d.c. supplies 0-30 volts | amp. 
; B Positive and negative supplies provided simultaneously. 
£1 1 0 ion el en B Up to 60 volts d.c. by series connection. 
B Fully protected against short-circuits. 
Leaflet G 62 B Ripple less than | mV peak-to-peak. 
B Both voltage and current monitored simultaneously. 
We shall be pleased to arrange for our Area Sales Engineer to demonstrate these models to you. 
e.hU6©° eeeeeeeseeeeeeekereee#e#ee#e#e#eeeeee0e8 080 8 8 @ 
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Boom Year? Zoom Year? Britain's industrial expansion continues and 1960 
may well mark the phase of another upward swing. 


With flat-out production come the problems of delivery, of new materials, of 
better manufacturing techniques, YOUR problems and OUR problems. 


In the field of electrical insulation, The Delanco Organisation is well equipped 
to meet the challenge, and its extensive manufacturing facilities and technical 
know-how are at your disposal. 


In the raw material section we can offer prompt service on Bakelite sheet, 
Vulcanized fibre, Leatheroid, Presspahn, Ebonite, in commercial and type 
approved grades. 


Our manufacturing section can supply these materials machined to close 
limits, pressed, formed or moulded. Materials can be supplied cut in strips, 
panels or coils. i 


BAKELITE TUBE in round, square and rectangular form or machined to 
drawing. 


MICA in all grades and manufactured parts, including radio valve bridges, 
lamp discs, heater elements (wound and tagged), condenser plates, 
commutator micas and segments, washers and discs. 


HIGH HEAT mouldings to withstand continuous working temperatures in | 
excess of 250°c. In Epoxy/glass, Polyester/glass, Phenolic asbestos and all 
grades of glass fibre, sheet, tube and rod. 


Start the year right... 
with 


Delence 


REGD. 


Anglo-American Vulcanized Fibre Co. Ltd. 


CAYTON WORKS -: BATH STREET - LONDON : €E.C.1 
Telephone: CLE 3271 Grams: PROMPSERV, AVE, LONDON 


DELANCO WORKS - LEONARD STREET - LONDON -: €E.C.2 
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ADVERTISER’S ANNOUNCEMENT 


Electrical Aids in Industry 


Wane, 





The general principles of factory lighting have 
been dealt with in the previous data sheet (No. 6). 
This one considers briefly certain factors—not 
always fully appreciated —that influence the 
lighting for some particular factory applications. 
The next data sheet will carry the subject further. 


Work benches 


The most universal application of lighting is to 
bench work, for there is no branch of manufacturing 
that does not have its work benches which, of 
necessity, are used for a great variety of occupations. 
No single lighting method is suitable for all cases. 

The introduction of fluorescent lighting has gone 
a long way to solving one of the main problems here; 
for while the high degree of brightness of filament 
lamps tends to preclude their use for individual light- 
ing owing to the glare, the fluorescent tube with its 
greater expanse of light source has made localised 
lighting with a low mounting height more practicable. 
Moreover, the length of the fluorescent tube puts 
into the hands of the designer a means of controlling 
shadows which, together with glare, probably 
represent the most prolific causes of errors and 
eye-strain. 


[S=S=5 (CTAth 
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With narrow individual benches (not more than 
4 ft. wide), there are four basic methods of localised 
lighting: longitudinal, transverse, diagonal or a 
combination of longitudinal and transverse. With 
wider benches it is not advisable to use fittings 
directly over benches, and fittings should be behind 
the workers at each edge of the bench. Where 
particularly high illumination is required, fluorescent 
fittings may be mounted as local lights —low enough 
for the skirt of the reflector to conceal the lamps 
from the eye of the operator. 

It is good practice to use reflectors which allow a 
reasonable amount of light to spill upwards, giving 
a certain amount of general lighting. 


High-bay shops 

Probably the most difficult of all factory lighting 
problems is that of high-bay lighting. In lofty, long 
and sometimes necessarily dirty shops such as those 
which house really large machine tools and overhead 
cranes, which do their worst to defy the efforts of the 
illuminating engineer, it requires great ingenuity, 
coupled frequently with high lamp wattage, to 
provide the workman with enough light to allow him 
to do his job efficiently. From the planer operator 
to the slinger, the workman, though he may not 
know it, is dependent on good lighting if he is to 
avoid an over-cut or a serious crane mishap. 


Data Sheet No.7 


The major problems associated with the lighting 
of high and relatively narrow shops, such as heavy 
machine shops and foundries, are :-— 


(a) Poor light utilisation caused by excessive 
light absorption by the large and often dark 
wall area. 


(b) Preponderance of light flux downwards and 
poor cross lighting causing poor illumination 
on vertical surfaces, and heavy shadows. 


(c) Possibility of heavy light absorption in the 
atmosphere. 


(d) Difficulty of access to high fittings for 
maintenance. 


In high-bay workshops there is a tendency to use 
concentrating fittings so that the maximum pro- 
portion of the light output reaches the working area 
without spread to the 
walls, but the saving in 
wall absorption is ob- 
tained only by accepting 
a depressing environ- |/. Se satitenene 
ment, poor cross lighting m agg 
and heavy shadows. p 

In many cases it is 
good practice to accept 
the inevitable reduction 
in light utilisation by 
wall absorption and to 
reduce this by applying 
light colours to interior surfaces where possible 
throughout. This approach results in more cheerful 
conditions and provides equally good illumination 
values and better cross lighting. Even better is to 
add angled lighting from the sides below crane level. 





y 
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In the conditions obtaining in this type of shop, 

rapid deterioration in light source intensity due to 
dust must be expected. Facilities should always be 
provided for easy access to fittings for cleaning 
and maintenance. 
Ror further information, get in touch with your 
Electricity Board or write direct to the Electrical 
Development Association, 2 Savoy Hill, London, 
W.C.2. Telephone: TEMple Bar 9434. 

Excellent reference books on electricity and 
productivity (8/6 each, or 9/- post free) are 
available—“ Lighting in Industry” is an 
example. 

E.D.A. also have available on free loan in 
the United Kingdom a series of films on the 
industrial uses of electricity, including one on 
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SPECIFY 


FOR SURE cONTROL 


A complete range of Solenoid or Air cperated 
control valves available to cover all applications. 


Sizes }” B.S.P. to 8” Bore. Pressures up to 1,500 p.s.i. Tem- 
peratures up to 300° Cent. Body materials to suit all media 
including corrosive acids. Standard, Weatherproof or Buxton 
Certified Flameproof Solenoid Housings. Glandless, Fluon 
glands or stainless steel Bellows glands. 


AIR-OPERATED Type AOD—Heavy duty air operated units individually 


designed for control applications beyond capabilities of Solenoid types. 





For pressures up to 1,500 p.s.i. Sizes 1” B.S.P.-8” Bore. 


KEEP A TIGHT CONTROL ON THINGS WITH VALVES 


MAC—Suitable for towns gas or low 
pressure services. Sizes 4” B.S.P. to 6” 
Bore. ACS—For medium pressures 
suitable for gases or liquids. Sizes }4” 
to 2” B.S.P. ACP—Servo Piston type 
for control of Air, Water, Steam, pres- 
sures up to 300 p.s.i. 





a 





MIDGET Type ACO—Sizes up to 
#” B.S.P., used for control of Air, 
Gases, Water, Oil at pressures up 
to 300 p.s.i. Single way—Reverse 
acting—three-way types available. 


SPC.3— Three-way valves for 
electro-pneumatic control systems. 
Sizes up to 4” B.S.P. for use with 
air up to 150 p.s.i. 


I PE OIE ae 





SEND FOR COMPREHENSIVE CATALOGUE OR INFORM US OF YOUR REQUIREMENTS 


ALEXANDER CONTROLS LTD. 


A MEMBER OF THe een CENTRIC GROUP OF COMPANIES 


Reddicap__ Hill, Sutton Coldfield, 













Warwickshire. 
Telephone: SUTton Coldfield 5227-8-9 
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With the completion of B. & R.’s factory extension in 
the early part of 1960 our capacity will be doubled. This 
is not the same thing as saying production will be doubled 
but certainly it will be effectively increased almost at 
once. Further increases will follow as the full works pro- 
gramme is achieved. It all adds up to quicker deliveries 
for you. 


& RELAYS 


LIMITED 


B & R RELAYS LIMITED .- 
Telephone: Harlow 25231/4 
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TEMPLE FIELDS - HARLOW - ESSEX 


Member of the Gas Purification Group 
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to 
safeguard 
gas- or 
oil-fired 
apparatus 


FLAME-FAILURE & AUTOMATIC: 
IGNITION CONTROLLERS mk Ts 
: Gi] ) Tan 770,00, Se geotent cpp 


These on the electrode and thus completes an electric circuit of high 
resistance so long as the flame exists. An electronic circuit, 
new high-quality capable of operating an electric relay or contactor, is connected 













ETHER controll between the electrode and earth. Should flame-failure occur, a 
went dateasirb xed solenoid valve, operated by the relay, instantly shuts off the fuel 
designed to prevent supply to the furnace. 


explosions when 


explosive conditions The Type 703, for oil-fired apparatus, utilizes 


a flame-eye. It is connected to an electronic 





exist in a circuit, similar to the one described above, and keeps the solenoid 
combustion ch valve open for as long as the luminosity of the flame lowers the 
on chamber resistance of the photo-cell in the flame-eye. Should the flame fail, 

or furnace. the fuel supply is instantly shut off and the apparatus safeguarded. 


Other flame-failure and ignition controllers, and complete installa- 
tions, are also available. Further details gladly supplied on request. 









ENQUIRIES, SALES AND SERVICE : a 
CAXTON WAY, STEVENAGE, HERTS.: STEVENAGE 2110 
TYBURN ROAD, ERDINGTON, BIRMINGHAM, 24: EAST 02764 


Representatives throughout the U.K. 
Agents in all principal countries 
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ILVES | 


One ofa range of highly-efficient solenoid 
valves, the HPO is designed for applications 
where oil viscosity is likely to exceed 200 
seconds Redwood No. 1. A powerful 
* solenoid ensures a maximum lift under 
adverse conditions of viscosity. 
Illustrated Non-standard versions, for operation with 

“ ‘ other high-viscosity liquids, or at specially 

is one of the HPO Series high working-temperatures, are available 
to order. A lever-operated or press- 


of valves designed for button-operated hand-reset feature can 


also be provided. 


s 
high As vi scosity ; Other valves are available for use with town 
liquids ee gas, bottled gases, air and many fluids. 


* 


By - 


COMBUSTION SAFEGUARD AND 
SOLENOID VALVE DIVISION 
ae 








Craracterised by small but ro- 





bust switch action rated up to 





5 amps, the Black range caters for 












Differential pressure switch 
incorporating two dia- 
phragms giving operation at 
very small differentials and 2 ° ° 
very high pressures—fulls functions for all kinds of industrial 
adjustable. (DPS, Mk. I.) 


pressure signalling and control 





applications including missile and 





nuclear energy requirements 













Flow switch in 
Stainless steel. 
(FSW .) 


e 





a” 


Miniature pressure switch 
for sequence operation, 










Miniature fully adjust- 


able pressure switch for High pressure switch for can be provided with 

air, oil, etc., up to 200 the range 200-10,000 up to six switches to 

psi. (VPS/ A.) psi, fully adjustable operate at different 
(VHPS.,) 


pressures. (VPS/MU.) 








Low pressure switch 
1”-30" we with ad- 
justable differential, 
(LPS.) 


Barometrically 
compensated 
pressure switch. 
(HPS /|V /BC.) 





Differential pressure 
switch developed for 
use on CO, at pres- 
sures up to 250 psig 
and temperatures up 
to 350°C. (DPS 


Mk. Il/s.) AUTOMATIC CONTROLS LTD 





A member of the Elliot Automation Group 
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A wide range of counting speeds 
from random pulses to 20,000 per 
second created by the product or 
machine. 


A variable visual record of lapsed 
time, weight, quantity, length, 


PATENT APPLIED FOR measurement or movement. 


@ Coincident circuits to actuate 
varying operations at precisely 
the correct time, place or 
position. 


The cycle of operations may still be 


manually operated. 


Our engineering and research staff 
will be glad to consult with you on your 
problems in the fields of Mechanical Engineering, 
Electronics, Pneumatics, Hydraulics, 
Servo - Mechanisms, whether 
research, development or 


production. 


TIMOTHY Ty LIMITED 


ais) Pe research for mai . 


Thornfield Laboratories 
Macclesfield Road. Alderley Edge Wins 


Telephon ALDERLEY EDGE 2521 2 Telegrams: ELECTRONICS, WILVISLOW 
ae Te a ' | im FA 
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built to 


customers’ specifications 


FOR EQUIPMENT... 
a flexible system of cabinets 


Lin-cabinets provide a standard and yet completely 
flexible system for housing electronic and electro- 
mechanical equipment. They are designed to accom- 
modate any arrangement of components and any 
combination of chassis. Each unit is self-contained, 
with built-in cooling or heating facilities, and are suitable 
for slight pressurisation. The three standard drawers 
of 8”, 12” and 16” can be used in any combination to 
give a total height of 52” and any number of cabinets 
can be interlinked. Lin-cabinets are K114 approved 
for the three Services and lend themselves to many 
applications. Plan your equipment layout with Lin- 
cabinets in mind and enjoy low installation costs, 
low maintenance costs, with maximum efficiency. 


Data Sheet LC. No. |. 
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K the case for perfect housing 


in electronics 


FOR CONTROL 


Desks and Panels 


Lintott fabrication serves the elec- 
tronic and nucleonic industries with 
Control Desks and Panels that 
enhance the operating scheme. 
Working in close collaboration with 
designers, Lintott produce units for 
all forms of process control, burner 
control, nuclear control, etc. This 
includes sheet metal work, surface 
finishing, flow diagram mounting and 
installation of instruments and 
switchgear. Perfect housing helps to 
sell your equipment. Let Lintott 
quote for construction on your next 
project. 


H. & E. LINTOTT LTD., Horsham, Sussex. Telephone: Horsham 3316 Telex 8746 
and at the AYLING INDUSTRIES GROUP London Office: GRAND BUILDINGS, TRAFALGAR SQUARE, W.C.2. 
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MANY TIMES MORE SENSITIVE than any similar 
apparatus on the market! This is the outstanding 
feature of the ERICSSON ANALOGUE/DIGITAL 
CONVERTERS which form the basis of a new and 
exciting range of precision instruments. 

This sensitivity (minimum detectable increment 10 
micro volts) means that these instruments which 
utilize transistors and relays throughout can be 
used without pre-amplification to measure the 
output from thermo-couples, strain gauges and 
load cell bridges etc.—a unique application in the 
field of digital recording. 

Developed alongside these sensitive instruments 
and designed to offer a wide choice of input and 
output facilities are a number of accessories and 


oS ia] 








elec- auxiliary units such as Position Encoders (Digitizers) 
with Digitron Display Units, Translation Equipments, 
that , Counters, Transducers, Digital Clocks, Semi-Con- 
eme. ductor Logic Scanning and Programming apparatus, 
with | Standardizing Units and Power Units. 
ie If you are concerned with the collection, presen- 
atens | tation and logging of data and/or in complete 

a systems, consider the advantages offered by this 
bee ? new range of instruments in the form of high 
face | sensitivity, advanced circuit design, modular con- 
B a struction and versatility of output. 
an 
ps to | 
intott so SENSITIVE 
‘ next a= 

— 


TYPE NO. APPLICATION 
—— tadimenstel Normally part of an installation. 
a A - : Digital To be used where remote indi- 
are cation is required, or for printing 
Converter Type 154A and punched card systems. 


Industrial Particularly for isolated measure- 
Analogue-Digital ments. As Type 154A but with 
Converter Type 306A integral digital indication. 


For use with load cells and other 
types of bridge network. 
Type 170A To be part of an installation. 
For print out and punched card 
applications. 


Digital Strain Meter As Type 170A but for use where 
Type 307A digital indication only is required. 


Digital Ohmmeter Laboratory or factory test in- 
Type 156A strument to read resistance or 
resistance tolerance. 


Digital Strain Meter 





FQ ar 





*The word ‘DIGITRON’ is an Ericsson Registered Trade Mark 


For fuller information please write to: RI © Ny 

INSTRUMENT DIVISION 2 oS 

HIGH CHURCH STREET, NEW BASFORD 
NOTTINGHAM 





Ericsson Instrument Division can design and manu- 
facture complete digital systems to meet your 
requirements. 


ERICSSON TELEPHONES LIMITED - HEAD OFFICE - 22 LINCOLNS INN FIELDS - LONDON WC2 - Tel: HOLborn 6936 
PEOPLE WHO COUNT USE ERICSSON 


8746 
W.C.2, 
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with quality 


Plessey excels in producing small mains transformers. For 
many years Plessey has been designing and making trans- 
formers for a cost (and quality) conscious market, with the 
result that immense capacity exists for the manufacture of 
commercial, industrial and electronic transformers. 


Plessey transformers, ranging from transistor types up to 
those rated at 2kVA, can be produced quickly, reliably and 
economically. 


Here is a transformer service that can solve at least one 
component problem for you—Plessey most probably can 
solve many more. Publication No. 998 tells you more 
about us—may we send you a copy ? 


. 





Components Group 
THE PLESSEY COMPANY LIMITED 
- Havant - Hants - Telephone: Havant 1701 


Overseas Sales Organisation 
PLESSEY INTERNATIONAL LIMITED 
* England - Telephone: Ilford 3040 


Tick No 32 on reply card for further details 


CONTROL February 













eoconu eee @ @. 66.09 6 OO 8 O28 6H 6 O.8 6 22S 


@ crs 


1960 








+ Papen ers se 


u" 


‘ 
: 


oo © 2 6. ¢ 8 Oe 4 2 2. fe BS aS.S 6.4.6 2 DC O..O ek ELS GSS O28 DOS Oo Oe So OO 8 0 64 68 Oe 


ge TTT TT 





. - at the heart of electronic computers . . . at the 
CeO OOOO OOOO SOOSE 


CARR FASTENER CO. LTD. 
STAPLEFORD, NOTTINGHAM. PHONE: SANDIACRE 3085 
LONDON: 195/197 GT. PORTLAND STREET, LONDON, W.1. 

LANGHAM 3253-5 


MANCHESTER: SUNLIGHT HOUSE, QUAY ST.. MANCHESTER, 3. 
BLACKFRIARS 2533 


GLASGOW: 13 QUEEN STREET, GLASGOW, C.!. CITY 3202. 
BIRMINGHAM: SILHILL HOUSE, 2235 COVENTRY ROAD, SHELDON, 
BIRMINGHAM 26. SHELDON 5208/9 


BeOS SOROS 


edge of babies’ pants . . . throughout industry in a 
vast number of forms . . . fixing component parts 
together. 

Simple fasteners—complex fasteners—fasteners 
of long standing and new fasteners developed for 


tomorrow’s production needs. 


HOSSSSSOOOSSSSo 


01 


IF YOU HAVE A FASTENING PROBLEM-CARR WILL SOLVE IT! 


® cP4 
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Pratt Hand Operated 

Air Control Units Type V.6 
Fitted with Oil Mist 
Lubricator 


Pratt Hand Operated 
Control Valve Type V.2 


This unit combines a hand operated control valve, dial pressure 
gauge and pressure reducing valve in one neat, compact and efficient 
assembly. The design of the valving mechanism is such that extremely 
long life and finger light operation is guaranteed. The valve disc is fully- 
floating and consequently any tilt of the operating shaft due to wear 
over a long period of time does not affect the efficient working of the 
valve. Essential working parts are non-ferrous to ensure freedom from 
corrosion due to moisture in the air line. Tapped holes are provided in 
the rear of the body for fixing. Removal of the pressure gauge will 
expose bolt holes for front fixing if required. Standard port size }” B.S.P. 


Fa UL) ag Nf ovk hotels ng ae 100: ee la 


Pratt Control Units cover a wide range of applications in the Pneumatic 
field. We shall be pleased to send you full details on request. 
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BSL M/C kutomatic Regulator 










The control coils mag- 
netically position the 
armature forming part of 
the pilot valve. By means 
of a regulating aperture 
(8) this controls the move- 
ment of the rotating main 
control piston by causing 
a change in oil pressure 
in the chamber above the 
return spring (9). 

At balance, ports (3) and 
(4) are closed and the 
excess Oil is discharged 
via the pressure balanc- 
ing relief valve at a rate 
controlled by the aper- 
ture (8). 

Small movements of the 
armature produced by 
signal changes therefore 
immediately affect the 
control piston position- 
ing in the appropriate 
direction. This results in 
the high pressure oil pass- 
ing into canals (5) or (6) 
depending on the direc- 


tion of change. This pressure acts in turn, against the free state, this piston merely repeats the armature 
servo-motor wing causing the output spindle to rotate motion in the oil-filled cylinder (17). By adjustment of 
in the correct direction thus counter-acting the signal the screw (C) a suction or compression effect occurs 
change via the regulated apparatus. between the piston (12) and the servo-cam operated 
To oppose any tendency to ‘“‘hunt’’, a fully adjustable plunger (15). During the correction period, this is 


“back-coupling’’ system 





. applications and we shall be pleased to advise you on your 





prises a stem (14), a spring (13) and a piston (12). In the 


ISENTHAL & CO. LTD., DUCON WORKS, VICTORIA ROAD 
Telephone: ACOrn 3904 


CONTROL February 1960 Tick No 35 on reply card for further details 35 


TO INCREASE SEN MOVE STUD TOWARD A = aowstasie 
TO DECREASE, MOVE STUD TOWARD B ARMATURE TRAVEL 
stor fi oo O_sToes 














WSS 






















| CUTTS | Ma / 
CONTROL COVER “ / 
LEAF SPRING ~COus . 


DAMPING OR 


ee CU 


16 (FitreD) 


— 















a ddd 





o 
° 
° 
x 


Ym 
Wy FE 

















V OS 


D 



























EF 


hha 






























RVO MOTOR 











MID POSITION 









































is incorporated. This com- arranged to move in a contra sense to that of the 
piston (12). 















The Isenthal ‘N.C.’ Regulator can be used to control: 
A.C. AND D.C. VOLTAGE; CURRENT; HORSE POWER; 
PRESSURE; TEMPERATURE; SPEED; TORQUE; POWER 
FACTOR OR TO ACT AS A SERVO AMPLIFIER. Depending 
on the model, the regulating tolerance varies from +0.25% to +1% 
and the output torque from 1.5 to 180 lbs/ft. 

Isenthal ‘N.C.’ Regulators are produced to meet a wide variety of 


























particular problem. 
Please send for illustrated leaflet. 






» NORTH ACTON, LONDON W.3. 





Telegrams: Isenthal London. 
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Mr. Philpot is scarcely old, 


but he’s certainly getting on 


Round about thirty, they say, is the best age for thinking 


and building careers. 


In our experience this does not noticeably depress the 
more mature. They direct projects, manage businesses, 
contribute both to fundamental and applied science and 


successfully spoil their families. 


One thing we are certain about—the regular subscribers to 
this magazine include a very high proportion of those who 
have ‘arrived’ or are about to. Control is a unique 


source of specialized information, and no-one can get on 


without that. 


There is a pre-paid subscription card facing page 162. 
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Transistorized 


UNIVERSAL 


COUNTER 


TIMER 


This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 
measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


Frequency Measurement 


Random Countin 
g TIME/UNIT EVENT (1 LINE): For the measurement 


of the time interval between two occurrences in a 
continuously varying electrical function in the 
range 3usec to 1sec. The time for 1, 10 or 100 
Frequency Division such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 


Time Measurement endian. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 
Frequency Standard 0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request, 


RANK CINTEL LIMITED 


“<a WORSLEY BRIDGE ROAD - LONDON - SE26 


HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 


McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 5) Mccr St., Birmingham, 4. 
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In almost every industrial process there is some 
stage where manpower could be cut by the applica- 
tion of fluid power. It is here that our labour can 
prove so labour-saving, since the whole weight of the 
Baldwin Fluid Power Division is directed at cutting 
waste manpower and speeding production. 


BALDWIN TECHNICAL REPRESENTATIVES 
cover the British Isles. They are experienced fiuid 
power engineers, who will quickly show you how to 
harness waste or under-used power by fitting Baldwin 
equipment which, because of its unit construction, 
can be supplied from stock quickly. 


\Viite now for the Fluid Power Catalogue C/503 


Fiuid Power Division 
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THE EXPERT BALDWIN DESIGN STAFF 


at Dartford will plan automation schemes for any 
operation or series of operations up to the largest 
automatic production lines. 


HIGHLY SKILLED 


on the Baldwin shop floor devote their attention to 
producing the superb finish, reliability and precision 
that characterises Baldwin Fluid Power equip- 
ment. There is a standard range of 384 pneumatic 
and hydraulic cylinders and over 700 control valves. 


We have long found that the best way to success is 
to give the best service. At every level, our man- 
power is aimed at increasing production for industry 
—and for Baldwin too, of course! 


Baldwin Industrial Controls 


Baldwin Instrument Company Limited - Dartford - Kent 
Telephone Dartford 20948 & 26411 - 


A HARPER GROUP COMPANY 
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FOR LOW VOLTAGE MULTIPLE SWITCHING 


A T.M.C. range of §7 vertical Lever Keys has Type Approval from the 
Radio Components Standardisation Committee . . . with this 
distinction: they are the first Lever Keys manufactured in the U.K. to 
receive unqualified approval (Class H2, temperature category — 40°C 
to +70°C) as catalogued in R.C.L 153, Issue 1, pages § and 7. 

These Keys are used in Telecommunications apparatus, Electrical 
Testing equipment, Radio Transmitting and Receiving instruments 
and other appliances requiring low voltage multiple switching. They 
have won an unparalleled reputation for maintaining the highest 
standard of performance over exceptionally long periods. Each is 
produced under the control of a stringent specification and is subject 
to critical adjustment and inspection before it is allowed to leave the 
factory. Other ranges in both Standard and Tropical finishes are also 
available. 

T.M.C.’s knowledge, experience and technical resources will be 
placed at your disposal if you write for full information. 








6 8") € @ae TELEPHONE MANUFACTURING COMPANY LIMITED 





TELEPHONE AND SWITCHING DIVISION 


Hollingsworth Works +» London SE21 Telephone GiPsy Hill 2211 
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G.E.C. Zener diodes remain constant in breakdown voltage 
throughout thousands of hours’ service under the 
| most arduous conditions, i.e. at maximum dissipation ratings ! 


AN EXTENDED RANGE OF SILICON ZENER DIODES 


Voltage at —5mA (V) Temperature coefficient 
of breakdown voltage 
min. | max. (%/°C) 


—0-04 to —0-0! 
—0-03 to 0-00 
—0-02 to +0-02 





For use as: | Type 
¢ Voltage stabilising elements 











¢ Voltage reference diodes 


* High speed clamping diodes ~aahen 10 


| 
| 
| 
| 
0-00 to +0-04 | 
| 
| 
| 


e Limiters 


+0-02 to +0-05 a8 — 
+0-03 to +0-06 
+0°04 to +0-06 
<0-01 


as —| 





=D 





211 For full information on these and many other types, please write to:— 
G.E.C. Semiconductor Division, School Street, Hazel Grove, Stockport, Cheshire. 
Telephone: Stepping Hill 3811 or for London Area ring Temple Bar 8000, Extension 10. 
ca 
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PRODUCTIVITY CALLS 


FIRST YOUR FORMULA. It was born in your laboratory out 
of hard thinking, patient work and hopeful spending. 
Now it is ready to be turned into productivity and profits. 
Now speed comes into the picture; speed and volume. 
It’s going to be thousands of gallons now, not pipettes full. 
Yet it has all got to be as precise in the factory as it was 
in the laboratory. Clearly a matter of measured batch 
dispensing and blending; a problem of process control. 


THE AGE OF AUTOMATION 


This was the picture we at Measurement had in our mind’s 
eye when we were working on the Measurement Automatic 
Liquid Process Control system. Industry, we knew, would 
want accuracy and speed, and a modern way of applying it. 
An up-to-the-minute way. In this modern age the bucket 
is out, mainly because it excludes accuracy. Lifting and 
trucking must be eliminated because firstly it results in 
hold-ups, secondly in a waste of labour, and thirdly fatigue 
with its resulting fall-off in rate of production. Our equip- 
ment aims at automatically dispensing the right quantity 
to the right place at the right time, with all the necessary 
indication and records made automatically en route. The 
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age of automation inspires sound business men to ask for 
the right installation for the job and no making shift. 
Control is the keyword. 

“Backed by our years of experience”’, as the advertisements 
say (for we have been making liquid meters, pumps and elec- 
trical control apparatus for a very long time), we set about 
meeting this challenge. Years of research finally produced 
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the instrumentation that offered the flexibility which is 
essential, and the standardisation which makes the system 
an economic proposition for industry. 


A FLEXIBLE SYSTEM 


Today Measurement equipment is used in handling a large 
number of liquids in food manufacture, paper making, oil 
blending and chemical mixing processes. Liquids handled 
range from condensed milk to caustic liquors, and from 
benzine to beef dripping, and at Measurement Limited 
there is a catch phrase, “If it flows in a pipeline, then 
we can meter it”. 


ADVISORY SERVICE 


We offer advice, designs and drawings to cover any complete 
liquid handling installation to suit any process—your own 
particular process. Given dimensional details, components 
can be supplied to be fitted into existing panels; otherwise 
we would supply complete wall-mounted or bench-mounted 
panels, or console models, tested and ready for installation. 
Servicing is a thing we regard as a duty at Measurement. 


PUNCHED CARD SYSTEM 


Not only does the Measurement system make Liquid Process 
Control merely a matter of pressing buttons, now batch 
delivery and blending can be completely preset and con- 
trolled by the punched card system! 


FOR MEA 


A WIDE RANGE OF INSTRUMENTS 


Whenever a liquid has to be handled, Measurement Limited 
make equipment to do the job, from indicating a total con- 
sumption of a liquid to the automatic dispensing, blending 
and mixing of various liquids. 











Automatic dispensing of liquid from alternative 
storage tanks to a blending tank and to two 
rotary mixing machines. The three meters 
are denoted thus —O, and the three indicators 
are remotely mounted in a control panel with 
signal lamps to confirm operation of meters, 
valves and pumps. 
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SCRIBBANS-KEMP (BAKERIES) LIMITED 
Control panel for automatic blending of liquids used in 
biscuit manufacture at the factory of Scribbans-Kemp 

(Bakeries) Limited, Grimsby. 


UREMENT 


LIMITED 


The range of products include:— 


(a) Meters made in various 
metals and moulded materials 
to enable almost any particle- 
free liquid to be metered. 

(b) Meters with small pointer 
type indices. 

(c) Meters with small direct 
reading counters. 

(d) Meters with resettable direct 
reading numeral rollers. 

(e) Meters with remote reading 
magnetic counters. 

(f) Meters with horizontal or 
vertical large dial instruments 
having resettable pointers. 

(g) Meters with automatic pre- 
settable indicators that enable 
the operation of valves, pumps 
and warning devices. 


(h) Complete panels with auto 
preset indicators, signal lamps 
and push buttons for wall 
mounting or free standing. 

(i) Schemes involving a number 
of meters dispensing liquids to 
one outlet. 

(j) Schemes where a number of 
liquids are dispensed through 
one meter. 

(k) Automatic actuation of 
metering equipment by photo- 
electric cell or contact operating 
devices. 

(1) Complete pane:s incorpor- 
ating mimic diagrams. 

(m) Complete auto preset 
equipment that could be preset 
by a punched card reader unit. 


You may be tempted to tear out this advertisement 
for reference. Well, it’s always a pity to spoil a book: 
get your Secretary to drop us a card and we'll gladly send 
you a reprint of these pages. A letter with more detailed 
requests will, of course, receive more detailed attention. 


Write to:— 


MEASUREMENT LIMITED 


TAMESIDE WORKS, DOBCROSS NR. OLDHAM, LANCS. 


Telephone: Delph 424 (5 lines) 
Export Enquiries to: Par 


Telephone: SLOANE o111/4 


Cowan Group Exports 
Grosvenor Gardens, London, S W.1 


Telegrams: Supermeter Dobcross 
Ltd., Terminal House, 


Cables: DISC London 
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Fully Transistorized 


Frequency moaturomirt up To bMes 
=-~for less than £300 
and time moatunemopt into The bargain! 


Other mcdcis available from £245 


ENNER Electronics 





VENNER ELECTRONICS LIMITED, Kingston By-Pass, New Maiden, Surrey MALden 2442 
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An unrivalled service 
in 


HYDRAULIC 


and 


ELECTRONIC 
ENGINEERING 





is provided by the combined resources 


Cittcliffe HYDRAULICS LTD. 


and 


Cra VEA ELECTRONICS LTD. 


Sutcliffe Hydraulics and Craven Electronics are specialists in the manu- 
facture of components or complete installations in the fields of hydraulic 


and electronic engineering. 


The combining of the two Companies within the Sutcliffe Group now 
results in a pool of knowledge and highly skilled experience for the pro- 


duction of electro-hydraulic systems. 


Whether your needs are hydraulic, electronic or electro-hydraulic. 


Please write to :— 





SUTCLIFFE HYDRAULICS LTD. CRAVEN ELECTRONICS LTD. 


SPEEDWELL WORKS, 212 MANNINGHAM LANE, 
WHITWOOD - CASTLEFORD BRADFORD I. 
TELEPHONE : CASTLEFORD 3211 TELEPHONE: BRADFORD 29654-5 


. 
MEMBERS OF THE Siftcliff GROUP OF COMPANIES 
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VARIABLE OUTPUT PUMPS 


Piston in line type 

Flow infinitely variable from 
zero to maximum 

Capacities 7} to 50 g.p.m. 
Pressures up to 2000 p.s.i. 


FIXED DELIVERY PUMPS 


Piston in line type 


VALVES 
Single acting 
Double acting 
Relief 
Unloading 
Reversing 
Pilot operated 
Rotary 


RAMS 


Single and double acting 


PRESS TABLES 


For feeding presses for rubber 
and plastic industries 


RUBBER BALE CUTTERS 
LIFTING GEAR 


Either stationary or traversing 


WATER PUMPS 


Crankless reciprocating 


POWER PACKS 
And complete installations of 
hydraulic equipment to suit 
customers needs 


DIGITAL TACHOMETERS 


ELECTRONIC CONTROL 
EQUIPMENT 


COUNTING AND BATCHING 
EQUIPMENT 


PRECISION CHRONOMETERS 
DISPLACEMENT GAUGES 


TEMPERATURE 
CONTROLLERS 


VISCOMETERS 
POLYPHASE OSCILLATORS 
SELECTIVE AMPLIFIERS 
ENGINE INDICATORS 
BEAM SWITCHES 














‘The E*erranti 


= DIGIT VOL TME TE EF. 


ype Dio01i 


The need for instruments capable of measuring 
voltages with a high degree of accuracy and with a fast 
reading time has long been apparent. The Ferranti 3 digit 
voltmeter has been developed to meet this requirement. 
The advantages of this precision instrument will undoubt- 
edly prove attractive to those engaged in the fields of 
automatic testing and monitoring, analogue to digital 
conversion, calibration of moving pointer instruments and 


many similar applications. 


Special Features 





SPECIFICATION 


Display Three digit plus automatic polarity indication 
and automatic decimal placement. 


D.C. Volts in 3 ranges 
Automatic 0.01 — 9.99 V 
Ranges 10.0 — 99.9 V 
100V — 999 V 


Accuracy 0.1% of full scale reading on any range. 
Average Reading Time 0.7 seconds. 

Input Impedance at Balance 1!0 Megohms. 

Input 110 — 250V A.C.50—60 c/s SOW. 
Weight 50 Ibs. approximately. 


Style Bench cabinet 17” x 13” x 10$” high with 
optional brackets for standard rack mounting. 





@ Automatic Ranging and Polarity 

* : . In view of continuing development, the right is reserved to alter 

e iieesaien tes Resolution the specification or design of this instrument. 

@ Complete Reliability 

FERRANTI LTD*> FERRY ROAD: EDINBURGH 5 
Telephone. DEAn 1211 

ES/T64 
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Electronic Control 


from simple timing relays 
to complete process control | 


systems 


AE I specialists will advise you on... | 


> precision control of motor drives 
> voltage control 

» photo-electric process control 

> control of resistance welding 

>» remote control of cranes 


> machine-tool control 


Please write for technical data and a copy 

of our brochure, ‘Electronics in Industry.’ 

Give us details of your control problems, and we 
shall be glad to assist you. 


Associated Electrical Industries Limited 
Electronic Apparatus Division 
NEW PARKS, LEICESTER, ENGLAND 


AS}02 
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The Southern Instruments system is solving 
the engineer’s problems and going a long way to help 
the accountant too! The policy which we have 
always followed is one of unit construction 
whereby groups of instruments can be 
supplied as complete systems, 
or integrated through suc- 
cessive budgeting periods. 
Financially and technically, 
there is no more logical way to 


intelligent data handling. 





SOUTHERN INSTRUMENTS LIMITED CAMBERLEY SURREY. CAMBERLEY 3401 
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If its stressed... 





@ EPSYLON Magnetic Tape Recorders 
provide the most powerful—and the 
most sensitive — means of recording stress and strain analyses. With 
multi-channel recording, 16 channels per inch, tape speeds up to 150 
ins/sec and tape capacity of 5,000 ft, an Epsylon Recorder can make a 
complete record of al] relevant conditions. Endless loop, choice of speed 
ranges, and the ability to record and replay at different speeds make it 
possible to study the results as often as required, quickly and easily. 
There are mobile models for recording in vehicles and aircraft. If it’s a 
stress or a strain, pressure, speed, acceleration, vibration, digits, music, 
or the spoken word—if it needs recording, you need an Epsylon 
recorder. We should like to send you full details. 


EPSYLON INDUSTRIES LTD Faggs Road, Feltham, Middlesex, England. Telephone. Feltham S09! 


A Member of the Stor-Platt Group 
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Components of 16 amp switch with up to 18 latching positions 


STANDARDIZED 


TO THE th 





Style C-Switches are standardized to an extent never previously 
achieved in switch design. Perfection of moulding permits each 
switch to be built up from a series of prefabricated sub- 
assemblies. By using appropriate operating cams, any practical 
contact arrangement can be provided by standard units, so that 
prices are kept low. Each contact unit carries two double- 
break silver alloy contacts, and any number up to twelve stages 
can form a single column ; additional stages to be operated by 
the same control are arranged as extra columns, and are 
operated in tandem. Switches of different carrying capacities 
may be coupled if required. Escutcheon plates and control 
handles are common to the whole range. These switches are 
available in five ratings, from 16 to 200 amp at 600 volts a.c. 





«Pair of interlocked switches, 
«ith auxiliary contacts 
actuated by handle pull. 


—-switches 


style 
Full particulars from the Distributors for the United Kingdom and Eire 


CHILTON ELECTRIC PRODUCTS LIMITED 
HUNGERFORD, BERKS. Telephone: Hungerford 237/238 
London Office 


: 19 Old Queen Street, S.W.1 Telephone: TRAfalgar 2239 


iPr 
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The 1200 series 


THE MOST 
WIDELY USED 
COMMERCIAL 
COMPUTERS 
IN BRITAIN 







Users say... 


‘£3 million of stock holding 
saved in a year and, on a 
monthly cycle, a two-thirds 
reduction on items that need 

immediate chasing.’ 


‘Positive control has reduced 
work in progress by 55%, 
the production cycle by 40°, 

and shortages by 80%.’ 






‘With two computers we 
processed 2,048,000 subsidy 
claims last year totalling 
£47 million—and payment 
was much quicker.’ 






The 1202 general-purpose com- 
puter is a tried and proven 
success in companies both large 
and small. It is the latest in a 
series that hasalready had more 
than half the combined sales of 
allothercommercial computers 
ordered and delivered in 
Great Britain. 


ASK FOR I-C-T SERVICES Special- 
ist Advice, Films, Education, 
Training and Demonstrations. 
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ICT 1202 


Some users of 


1201 and 1202 
computers 


THE MORGAN CRUCIBLE CO. LTD 

MONSANTO CHEMICALS LTD 

BRITISH RAILWAYS, WESTERN REGION 

I-C-T LTD COMPUTER SERVICE CENTRE(W1) 

I.C.I. LTD (ALKALI DIVISION) 

MINISTRY OF SUPPLY, CHESSINGTON 

PROVINCIAL ADMINISTRATION OF THE 
CAPE OF GOOD HOPE 

IRISH SUGAR CORPORATION 

SHELL REFINING COMPANY LTD 

O.K. BAZAARS (1929) LTD, SOUTH AFRICA 

GUEST, KEEN & NETTLEFOLD 
(MIDLANDS) LTD 

WEST RIDING COUNTY COUNCIL 

THE GENERAL ELECTRIC CO. LTD, 
BIRMINGHAM 

MINISTRY OF AGRICULTURE, 
FISHERIES AND FOOD 

MIDDLESEX COUNTY COUNCIL 

SOUre Seorann REGIONAL HOSPITAL 


1-C-T LTD, LETCHWORTH 

BRITISH TIMKEN LTD 

COMMONWEALTH BUREAU OF CENSUS 
STATISTICS 

H.M. STATIONERY OFFICE 

BRITISH RAILWAYS, DARLINGTON 

GENERAL POST OFFICE 

GENERAL MOTORS S.A. LTD 

PILKINGTON BROTHERS LTD 

NOTTINGHAMSHIRE COUNTY COUNCIL 

BRIGHTON CORPORATION 

BIRMINGHAM CORPORATION 

MINISTRY OF FINANCE, NORTHERN 
IRELAND 

I-C-T LTD, CASTLEREAGH 

H.M. NAUTICAL ALMANAC 

NOBLE LOWNDES & PARTNERS 

MONTAGUE BURTON LTD 

DURBAN CORPORATION, SOUTH AFRICA 

HENRY WIGGIN & CO. LTD 


International Computers 
and Tabulators Limited 


149 Park Lane, London, Wl 


and offices throughout Great 
Britain and overseas 
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Here is one trom the 
Pullin range of 
Standard size OC. Morors 


Governed and ungoverned 
in a range of voltages 


Shafts: pinion, plain, splined and threaded. 


Here is the Size 18 — type 183P M—an International frame size 18, 
permanent magnet d.c. motor — one from the renowned Pullin range 
of precision, low voltage, permanent magnet d.c. motors designed for 
maximum performance and reliability even under most arduous 
operating conditions. 

At 28 volts d.c. input: torque at 5000 r.p.m. 300 g.cms; stall torque, 


900 g.cms. If speed governed: 3000 r.p.m. + 1%. As Tacho-Generator: 
IOv. per 1000 r.p.m. 


For full details of range, please telephone (Isleworth | 212) or write. 


Motor Generators 





SIZES 08, 11, 15 and 18 


Most types are 
available from stock. 


Synchros - Servo Motors 


Servo Amplifiers - Servo Gearboxes 


R. B. PULLIN & CO. LTD. 


PHOENIX WORKS GREAT WEST ROAD BRENTFORD 


Cables: PULLINCO-WESPHONE LONDON 
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A new 
addition 76 
the Pullin rauge 
of plecistow 

. || Servocomponents 






miniature transistorized 


and resin-encapsulated 
Servo Amplifier Type TA.1G. 


: Now available for servo control mechanisms, a miniature germanium 
transistor, resin-encapsulated, Amplifier giving a power output of 4 watts 
at about 50°C and up to 6 watts, when operating below 50°C. Powered by 
a balanced 26 volt, 400c/s, A.C. supply or 18 volts D.C. Designed 
primarily for driving size 10 and 11 Servo Motors and Motor Generators. 
The mechanical design has been evolved to meet the requirements of 
Service specifications for resistance to environmental extremes. Most of the 


components are mounted on a printed circuit card attached to four square 





ire i corner pillars which are integral with a cast aluminium base-plate. The 
stock. whole assembly is moulded into a block of silica-loaded resin with the base- 
plate forming one face of the block and the pillars the corners. 
Leaflet giving full details will gladly be sent on request 
Synchros + Servo Motors 
OR ¥ Motor Generators 
: Servo Amplifiers - Servo Gearboxes 
R. B. PULLIN & CO. LTD. 
x PHOENIX WORKS GREAT WEST ROAD BRENTFORD MIDDLESEX 
Cables: PULLINCO-WESPHONE LONDON Telephone: ISLeworth 1212 
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out’ ond European f Fluid Power thatwenns 





EMPIRE HALL - OLYMPIA - LONDON - 25-29 APRIL 1960 


You are invited to visit this great international Exhibition, demonstrating the 
vast growth and development of pneumatics, hydraulics and control in every 
branch of commercial and industrial activity. 

It will be shown that the immense expansion of industry and the attendant 
increase of industrial wealth, owes much to the pertinent use of * fluid power ’. 
‘Fluid power’ applications as time and cost saving factors . . . are legion but 
whether your problem is one of sheer brute strength . . . or one demanding 
the utmost delicacy and precision, the answer will be found at Olympia. 
Specialist companies from the United Kingdom, Europe and the United States 
are exhibiting and their engineers will be present to discuss your individual 
problems and requirements. 

Complete form below for complimentary tickets and mail today! 


Mail This Order Form Today! 


To: The Exhibition Manager, COMPRESSED AIR & HYDRAULICS EXHIBITION 


St. Richard’s House ° Eversholt Street ° London, N.W.1 . England 
RS 6 ciel ark eis ioas shes Cabs eaabancuanioe EN ci sivus'vdassdcscudacabiicsiancusertecs 
I a a ig el dal a ius da cans bduddasabesnabesuuaseoees 
I iii ts Reed ak atc alates il odds cia nappa abindcaahenesanennksateewiesapsedncisassaderacesabeniensies 
dl la ila a tine le ln bbea pis denibooestacne Nc tahiint inks cl senteaiat Cceinaeiaiaied 


NO. OF COMPLIMENTARY TICKETS REQUIRED: EXHIBITION.......................000:000e 


ee eee 
NOTE OF SPECIAL INTEREST 


This Exhibition is sponsored by COMPRESSED AIR & HYDRAULICS, one of the 






monthly technical journals published by the John Trundell Industrial Group 
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hats off to 


SIMET 


SILICON 
RECTIFIERS 



















First again! 


Complete range of TYPE APPROVED 
Medium Power Top Hat 


RECTIFIERS 
sta? | from 


“G" Series Rectifiers, 100 P.1.V.to Soo P.I.V. 


which is the range from which 0:75 AMP AT 25°C —0-5 AMP AT 100°C 
these Type Approved devices 









COMMERCIAL 


E.V. SPECIFICATION EQUIVALENTS 


have been developed, 


offer high temperature operation cv 7030 


—250mA, at 150°C up to 600 P.I.V. cv 7029 


—and high voltage operation Cv 7028 


up to 1000 P.I.V. CV 7027 


—and are available from stock cv 7026 


| COMPONENTS GROUP 
Plessey Semimetals Division 
The Plessey Company Limited 


Woodburcote Way Towcester Northants 

Telephone: Towcester 312 

Overseas Sales Organisation 

Plessey International Limited liford Essex 
f : he Telephone: Ilford 3040 


iroup 
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Transistor 
Curve Tracer 


Uses: The instrument 
provides an easy and 
convenient means of 
measuring the charac 
teristics of low power 
transistors. Com- 
plete data are obtain- 
able for the p-n-p and 
n-p-n types, i.e., char- 
acteristics for the 
grounded base or 
grounded emitter 
condition may be Temperature Controller = 


displayed. The Winston/United Steel Temperature ’ 


Controller provides accurate control of 
temperatures over any required period 





WH 





MT 











Mn UI 


L Band Spectrum Analyser 


Frequency Coverage 1000-1500 Mc/s, 20-30 cms 
Absolute Frequency Measurement + $ Mc/s. 


Relative Frequency Measurement + 100 Ke/s. and its stability is such that it will hold a ' ‘} 
Sensivity minus 85 d.b. relative to | mW at the = furnace at a preset temperature of 1000°C 
input. = to within plus or minus }°C. 10 


INSTRUMENTS - COMPONENTS - PRODUCTION FACILITIES 


WINSTON 


Semi-Decade Oscillator 
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WINSTON 
ELe CTRONICS To 


FREQUENCY RANGE: . : _— 


= 10 c.s. to 100 Kes. in four main ranges with 
= slow-motion vernier dial for setting a contin- 
=  uously variable frequency within the main 
ranges. The dial is engraved with both direct 
reading and vernier, for more accurate re- 
setting. Calibration accuracy 1°%. 





uid 
* 
my 


OUTPUT: 


Sine wave variable from 0-l0v peak, adjustable 

with a high impedance variable attenuator and 
divider switch giving ratios of XI, X0.1, X0.01, X0.001, 
attenuation. Total content of harmonics, and hum is less 


than 1°. Square wave of fixed amplitude of 10v+5° : 
maximum drop at 10 cps. is 2°%. The rise and fall time = 
at 100 Kes is | Micro sec. Price £48.10.0. 


GOVETT AVENUE, SHEPPERTON 


‘ 4 Bl a 
a | A S j a AY | cpiedanaaneta MIDDLESEX. Telegrams: Winston, Shepperton 
i i LIMITED 


Telephone : WALTON-ON-THAMES 26321/5 





SUB-CONTRACT IN ADDITION TO THE ITEMS 
= Full sub-contract facilities for : FEATURED BERS THE WInSTON 
= RANGE OF ELECTRONIC 





the development and manufac- = EQUIPMENT INCLUDES :— = 
ture of Electronic Equipment CAPACITOR BOXES = 
Actual Size _— RESISTOR BOXES 
and Sheet Metal Work. “X" BAND SPECTRUM ANALYSER ' 
= . ie “S" BAND SPECTRUM ANALYSER = 
Shockley 4-layer Diode Coil Winding Facilities. “L"” BAND SIGNAL GENERATOR = 
A self - actuated silicon switch with operating = ALD JARB. A 4 VALVE VOLTMETER 
characteristics based on the principles of tran- 1.0. an -R.B. roved. 
sistor action. It is a two terminal device with = PP TRANSIENT OSCILLOGRAPH 
two stable states: (1) an “open” or high resis- Write for full particulars of = BECKMAN/BERKELEY RANGE 
tance state of more than one megohm, and = HELIPOTS 
ae or low resistance state of a few : facilities available and catalogue DIALS 
Switching voltages range from 20 volts to 200 = : = SHEET METAL WORK = 
salen. = of Instruments and Electronics. = STANDARD METAL CASES. 





AALALLLAONUTOONNiARNONALAL AFD ALALELOAR ARAL LE HULA janis .v Hutt tu HOSUR ALL NHLNLEE AU HU LLL a 


SMLUUUUU INHUMAN 
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Fractional horsepower 
‘F’ Type Carter Gear, 
Handwheel Speed Control 





‘A’ Type Carter Gear, 
ae push button operated 
re Remote Electrical Control 


‘F’ Type Carter Gear, 
top mounted motor and 
flange mounted reduction gear 


cae 

S8a0-— 
oe 

fap 







Hydraulic 
Variable Speed Drives 
with these advantages 


Wide infinitely variable speed range 
(approximately 27/1 on full load). 


Sensitive accurate speed control by 
Hand, Electrical or Lever arrangements. 


Constant output torque throughout 
the entire variable speed range. 


Positive displacement action ensures 
maximum ‘ controllability ’ at all speeds. 


Carter Variable Speed Gears may be 
used to pick up loads from zero r.p.m. 


Controls may be operated with the 
drive either running or stationary. 


Handwheel controlled 
‘A’ Type Carter Gear * 
with flange mounted 
reduction gear 


Made in ten sizes for fractional up 
to forty horsepower drives. 


{YNNUULIOUULOLUULAT 


Flange mounted reduction gears can 
be supplied for slow speed drives. 
Specialists for over 20 years 
in the design, manufacture 
and industrial application of 
Hydraulic Variable Speed Gears. 


Compact, efficient, easy to install 
and simple to maintain in service. 


Entirely self-lubricating since oil 
is the power transmitting medium. 








write for Folder 1660 
BRADFORD 3 


voucsuine” — [&] 
ENGLAND 


‘phone Bradford 64378 (3 lines) 
"grams ‘Became’ Bradford Telex. 
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ETHER XACTROI : 


Potentiometer Recording Gontrollers, SERIES 201 


TYPE 2000 with on/off control 


TYPE 2001 with Anticipatory control 
(1% band width) 


PHENOLIC 
MOULDED DOOR 


CONTROL 
POINTER 


PEN-CARRIAGE 
RAIL 


MAINS SUPPLY 
COMPLETE UNIT SWITCH 
MOUNTED TO SLIDE OUT CONTROL UNIT 
AS ONE 


-for ease of servicing the amplifier is a plug-in unit. 


ETHER ‘XACTROL’ Potentiometer Recording Controllers are high-quality 
instruments, of the very latest design, for accurately controlling and 
measuring temperatures of — 200°C up to +2,000°C. They are equally 


suitable for measuring variables such as speed, strain, pressure and hydrogen- 


ion concentration, as well as any other quantity that can be expressed as 
an electrical signal. 
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* SIMPLICITY OF DESIGN * EASIER RANGE CHANGIN 
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yaa ol * Unique Zero-load & Zero-differential control system 
FEATURES * 6 calibrated scale * Small panel cut-out 10;° 9 
INCLUDE! * Patent Ink Cartridge * Front control-point setting 


id 


CABLE 
CONNECTIONS 

POSITIONED FOR 
WALL- MOUNTING OR 
PANEL-MOUNTING 





ALL-STEEL WELDED CASE 


UNIQUE ZERO-LOAD 
& DIFFERENTIAL 
CONTROL SYSTEM 


! ° 
LINEAR SLIDE-WIRE (Patent applied for) 


HAVING 1,000 CONVOLUTIONS 


SPECIALLY DESIGNED 
INK CARTRIDGE BALANCING- MOTOR 
WITH PRECISION 
GEARBOX 
.~ 
PEN Roe 
CARRIAGE » 


CHART 
TEAR-OFF STRIP 





SYNCHRONC 
CONVERTER 


CONTROL 















} SETTING KNOB b 
< F Bd. 
6 inch CALIBRATED e: 
CHART . 
\ 
| AMPLIFIER 
GAIN CONTROL 
CHART CALIBRATION 
WIND-ON PLUG-IN PRINTED-CIRCUIT ADIUSTMENT 


RANGE-CHANGE UNIT 


An exclusive feature of the ETHER ‘ XACTROL’ 
is the unique ZERO-LOAD & ZERO-DIFFERENTIAL CONTROL SYSTEM 


j (patent applied for) 


—which totally eliminates the et roe 
use of mechanically-operated aiat IN Please supply, without obligation, full details of the 
linkages and snap-action switches ETHER ‘ XACTROL.’ 


c.2 
@ ZERO-LOAD even at contro! point AVL I a a a a ee 
@ ZERO-DIFFERENTIAL Le aa od 
' @ WIPING-ACTION, continuously- POST 
I 8 RI, | acaesec adic csccicccecesccccscscicnssciscccccsscandacsccabiscssesenadaseatshcoecenaceesi 
@ ADJUSTABLE OVER FULL SPAN NOW POINTED six tevacitiin waanhcieaidiibbin ti at aR essa aia 





TYBURN ROAD, BIRMINGHAM, 24 (East 0276-8) 
IE el aI CAXTON WAY, STEVENAGE, HERTS (Stevenage 211 
\LIMiTED) 
re REPRESENTATIVES THROUGHOUT THE U.K. 
AGENTS IN ALL PRINCIPAL COUNTI 








from £125-0-0 


delivered 






INC *GREATER ACCESSIBILITY * EASIER SERVICING & INSPECTION 


it is extremely compact (S}in. x 6}in. x 13in.) and has a performance 


‘ : i ‘ % iis & Sa oi on) Ses 


TELEQUIPMENT LTD 


313 Chase Road - Southgate London N.14 - Teil: Fox Lane 1166 
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Lowest losses in new magnetic 
materials are obtained only in 
wound-strip ring cores. 













Lowest copper loss and leak- 
age inductance is inherent in 
the toroidal winding. 


Small size and low temperature 
rise ensures greatest space- 
saving in equipment. 


Shaped to proportions that fit 
better into mechanical assem- 
blies using semi-conductors. 


“* & & * 


Avel Toroids for 
D.C.—D.C. invertors 

2 waits: 1” dia. x 3” 

5 watts: 14” dia. x }?” 

15 watts: 2” dia. x 2” 
120 watts: 23” dia. x 14” 






15 watts with 
OC 35 













A Typical use of AVEL TOROIOS in D.C.—D.C. converter. Wide band-width, 
and H.C.R. alloy core ensure fast switching (approx. 3'-secs.) with 
negligible overshoot which yields efficiencies 85—92% overall in 
ratings 12—120 watts. 

A standard range is manufactured for most applications. 
AVELFY ESS Special! types can be made to suit your requirements. 








Please ask for your name to be added to our mailing list. 


AVELEY ELECTRIC LIMITED 


SOUTH OCKENDON - ESSEX - TEL: SOUTH OCKENDON 3444 





Tetex 24120, Avelockendon + Grams: Aersaie Sth. Ockendon 
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S.E.I. metal-cased precision potentiometers function 
ACCURACY 


under severe conditions of vibration, humidity, 
and temperature. 
ASSURED STANDARD RESISTANCE RANGES 
S.M.1. 0-5, 1, 2, 3, 5, 10, 15, 20, 25, 30, 40, 45, 
IN and 50 K/ohms. 
S.M.2. 2, 3, 5, 10, 15, 20, 25, 30, 35, 40, 50, 60, 


75, 90, and 100 K/ohms. 
EXTREME 


D.M.2. 0-5, 1, 2, 5, 10, 15, 25 and 50 K/ohms. 


SM2/MT is a multi-tap potentiometer for 
CONDITIONS 


reproducing a wide range of non-linear functions. 
Catalogue giving full details forwarded on request. 


PRECISION POTENTIOMETERS 


BDF 


UGE SOUT Dae 


eke | 
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Accepting BSS.587 as minimum standards throughout, the 
TFK AC direct-on-line Starter covers the range } - 7} h.p. 










1960 


It is eminently suitable for the more critical type of installation 
where lower-priced starters may not give the sustained high 
performance required. 


The complete protection it affords against single phasing and 
overloading of electric motors is unrivalled by any other starter 
in its class. Its robust construction ensures long and trouble- 
free life on the heaviest of duties — it is, in fact, the prime 


Only the DUPAR 
TFK STARTER 


includes all these 
outstanding features 





* The ET Protector, with simple dial 
setting and external reset, giving com- 
plete motor safeguard against single 
phasing and overloading. 


% Neon lamp giving wide angle running 
indication. 


* Silver to silver contacts. 


%* Chassis construction for ease 
of maintenance. 


* Indestructible pressed steel case. 


Extra features available include Reversing Duty, 
Isolating Switch, flush-mounting Ammeter, HAND/ 
OFF/AUTO Switch, HRC Fuses, etc. 


Ask for Specification Leaflet No. 202 E 





DEWHURST INVERNESS WORKS - HOUNSLOW - MIDDLESEX 


& PARTNER LIMITED Telephone: HOUnslow 0083 (8 lines) Telegrams: Dewhurst, Hounslow 


Field Offices at: BIRMINGHAM - 


CONTROL February 


1960 





GLASGOW - GLOUCESTER - LEEDS - MANCHESTER - NEWCASTLE - We Tene 
DP/34 
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unequalled for accuracy, 
stability, versatility 
in flow metering 


The new Honeywell Bellows Flow Meter gives the 
better performance demanded by its potential 
users. It’s the most advanced meter body avail- 
able today, with important advantages never 
before found in flow meters. 

Some of its outstanding features: 

Sensitive and accurate — Sensitive to within 0-:05% 
of full scale .. . calibrated accuracy 05% of 
full scale. 

Leakproof — Between liquid fill and process fluid. 
Automatically stabilised — Changes in meter body 
temperature or static pressure have no effect on 
output shaft position. The Honeywell Bellows 


WRITE OR SEND THE COUPON TODAY TO: 
Honeywell Controls Limited, Ruislip Road East, 
Greenford, Middlesex. WAXlow 2333. 


Iam interested in your new Bellows Flow Meter 
Please send me — 
Specification sheet No. S292-2a. 


NAME 
POSITION 
ADDRESS 
Cc 


Branch offices in London, Birmingham, Manchester, Sheffield, Leeds, 
Middlesbrough, Cardiff, Glasgow, Dublin and throughout the world. 





z 
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Meter operates efficiently in surrounding tem- 
peratures of between minus 40°F and plus 250°F. 


Unmatched convenience features — Including fast 
range changing in the field . . . connections for 
both horizontal and vertical piping . . . quick 
calibration and adjustment ... easy cleaning 
and servicing. 


High corrosion resistance — Seamless, stainless 
steel formed bellows give long, trouble-free 
service with virtually all process fluids. 


Fast, effective damping adjustment — New type 
pulsation check with rectangular orifice 
enables essentially linear damping adjustment 

and you can adjust from outside 
the meter body during operation. 


Honeywell 


iH Fiat ww Coitiol 


SINCE 1866 
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White and Riches Ltd 


—specify | WARMS A/C or D/C COMPUTING UNITS AND SYSTEMS 



























for research, development and production in the fields 
of AUTOMATION, AERONAUTICS, MISSILES and SATELLITES 
) to enable complex non-linear problems to be 


analogued with these advantages 










RELIABILITY, REPEATABILITY, FLEXIBILITY, HIGH RESOLUTION, 
FAST RESPONSE and HIGH UTILISATION 

The full range of units includes E/M SERVO, 
SERVO AMPLIFIER + LINE AMPLIFIER - RESOLVER AMPLIFIER 


+ White And Riches Modular Systems 


omy 


S 
ve 
\te 
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| 
INERTIA SWITCH LTD 


- tem- 
50°F offer a wide range of acceleration-sensitive devices. 

fast SWITCHES + PULSE OUTPUT UNITS - SHOCK INDICATORS + OVERSPEED CONTROLS 
ns for GAS RELEASE VALVES + DEVICES DESIGNED TO YOUR SPECIFICATIONS 
quick . , ‘ 

f * Axial, radial or rotary response. Momentary or holding contacts. 
aning oo . : 
Provision for adjustment or resetting. 
' * Wide sensitivity range from -05g to 500g. 
inless ibid Re 8 A ; 
e-free Quick acting or damped to reduce sensitivity to superimposed vibration 
* Stability, accuracy and reliability assured by inherent simplicity of design 

type and use of high quality materials 
orifice 
tment 
utside 

White and Riches Ltd : CHAncery 4037 

] Head Office: 121 KINGSWAY, W.C.2 Telephone 
J Inertia Switch Ltd : CHAncery 3759 


Works: VICTORIA ROAD, BURGESS HILL, SUSSEX Telephone : BURGESS Hitt 85661 
A.L.D. and A.R.B, approved 
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The study and research undertaken by G.W.B. in relation 
to the standardisation and simplification of control gear 
design enables them to offer the finest possible equipment 
at remarkably reasonable cost. 

All the requirements of modern industry can be met by 
G.W.B. control gear, and G.W.B. engineers are available 
for discussion on circuit problems and special operational 
requirements. 


G.W.B. control panel and associated control 
desk in a large pumping station. 

Pumping station control equipment 

has been supplied for heavy industrial 

duties and also to Waterworks and 

Sewage stations. 


G.W.B. FURNACES LIMITED (contro. GEAR DIVISION) 


P.O. BOX 4+ DIBDALE WORKS - DUDLEY + WORCS. Telephone: Dudley 55455 
ASSOCIATED WITH GIBBONS BROS. LTD, AND WILD-BARFIELD ELECTRIC FURNACES LTD. awae 
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PRESSURE GAUGING - with the heat on! 


If you make a product which needs pressure 
instrumentation or control under extreme 
conditions you should know about the 
Solartron High-temperature Transducer 
N.T. 4-317. Whether it’s engines, weapons, 
missiles—or even plastic toys—you can 
learn more about your product, faster, 
more accurately, with these tiny pick-offs 
which are remarkably stable and linear 
even up to 600° F. 
Small wonder then that Bristol Aircraft 
Limited chose the NT. 4-317 in 
developing their outstanding T.188 
supersonic research aeroplane. 
Pressure ranges are from 100 psig 
to 5,000 psig, compensated 
__ temperature range is 
m —65° Fto + 600° F. 


Write now for data sheets 
of this and other transducers in 
the Solartron range. 





RONIC GROUP LTD 
(Transducer Division) 














Breadboard 
Components. 
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Size 10 A.C. Motor. 


Size 08 D.C. Motor. 


IN-LINE GEARHEADS. 
Low-inertia, low backlash 
prosinten reductions gear- 
eads in International me 
Sizes 10, 11 and 15, ratios up 
to 1000:1. Can be directly 
coupled to International 
Frame size servo motors, 
synchros, potentiometers,etc. 


D.C. SERVO MOTORS. 
Miniature precision built ball 
bearing motors with perma- 
nent magnet field. Internat- 
ional frame Sizes 08, 11, 15 
and 18 or ‘P’ series. All mo- 
tors are reversible and can be 
used as generators. 


A.C. SERVO MOTORS. 
Precision - built, low inertia 
motors 2-phase 400 c/s or 
50 c/s in International frame 
sizes 07, 10, 11, 15 and 18. 


P.G. 800 GOVERNED 
MOTOR. 

P.800 D.C. Motor fitted with 
centrifugally operated gov- 
erner. External power tran- 
sistor circuit handles 97% of 
armature current. 
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aircratt and automation 







Components 


for missiles 








A.C. MOTOR 
TACHOGENERATORS. 
Combined 2-phase servo 
motor and low inertia drag- 
cup generator, low residual 
voltage and good linearity. 
Sehopyional frame sizes 10 
an : 


BREADBOARD 
COMPONENTS. 

A wide range of standard 
enpperte, shafting, geese, 
differentials, etc., for bread- 
boarding servo systems. All 
parts made from first class 
materials and manufactured 
to close tolerances for ease of 
assembly. 


HIGH SPEED ROTARY 
SWITCHES. 

vp to 24 Switch wafers either 
24 or 48 way can be fitted to 
a motor and gearhead drive. 
Scanning speeds upto 12,000 
r.p.m. compact design, low 
petes level and great reliabil- 

y. 


Synchronous, Damped and 
Braked Motors also available 





Write or telephone for literature dealing with 
our erpanding range of Control Equipment 


Vactric (Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone SLOane 9656 


WRP 25) 
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PROCESS TIMER p> 


This unit embodies a syn- 
chronous motor wound for 
240 V A.C. and clutch 
mechanism, is provided 
with 4 change-over con- 
tacts rated at 6 amps. 240 V 


A.C. and adjustable from 


0:3 seconds to 6 hours. 
Write for leaflet E.G. 
M.Z.11. 


SCREWLESS 
TERMINALS 


These terminal blocks will 
carry up to 15 amps. and 
are suitable for 450 V. 
They can be supplied up to 
ten ways, single or double 
versions. For further in- 
formation please write 
for leaflet ‘ Screwless 
Terminals.’ 


ENGEL & GibBbBS it.'rpD 


eee ee wet) 


SEALED MERCURY 
RELAY 


This relay is the sturdiest yet 
designed, constructed almost 
entirely of steel and ceramic 
materials, without glass parts. It 
can be operated in any direction 
within 50° of the vertical line. 
This unit will withstand momen- 
tary short circuits without dam- 
age. 

Write for leaflet E.G. S.R.12 








<< MICRO SWITCH RELAY 


The contacts of this Relay are totally enclosed and the 
coil operation is especially constructed to operate on A.C. 
supply, the unit can be mounted in any position. Contacts 
are rated at 6 amps. single, double, and triple pole change- 


over. 


Write for leaflet S.24.M.S. 


TIMERS 
RELAYS 


SUB-MINIATURE RELAY 


This small type relay is suitable 
for installation into all types of 
Electronic Equipment owing to 
its small size, its low actuating 
power requirements, also the 
minute contact capacities. The 
maximum number of contact 
comprises either one heavy duty 
or two light duty of the change- 
over type, the size being 14” x 
” xX 4”. 

Please write for ‘ Sub-Min- 
iature Relay’ leaflet. 


BOREHAM WOOD alae 


PROCESS TIMERS 


These are available in the 
following timing ranges:— 
0-6 min., 0-10 sec., 3-60 
sec., 3-6 min., 3-60 min.., 
1-10 sec., 6-60 sec., 12-120 
sec., 18-180 sec. The units 
can be supplied with 
Escapement Movement or 
with Synchronise Motor. 
Please write for leaflet 
‘Short Duration Pro- 
cess Timers.’ 


ELSTREE 2291 (5 lines) 





Vv 


HIGH VOLTAGE 
VACUUM SWITCH 


These can be mounted on 
‘G’ series relay or supplied 
separately, switching capa- 
city 2 Kv. at 2,000 watts 
A.C. or D.C. non-inductive 
load, with inductive load 
600 watts. Small in size 
and economically priced. 
Write for leaflet ‘ High 


Vacuum Switch.’ 
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“* Just look at this list *... RADIOVISOR SMOKE 
DENSITY CONTROL EQUIPMENT MUST 


CERTAINLY DO ITS JOB WELL...” 








* GUINNESS 
FORD ae i 
MONSANTO {© : 
1.C.1. ™ 
ILFORD 


TATE & LYLE % | 


. . . and these are just a few of the many well-known 
Companies who use Radiovisor Smoke Density Indicators and Recorders 


for efficient combustion and to comply with the Clean Air Act. 


Telephone or write for full particulars to :- 


RADIOVISOR PARENT LIMITED 
STANHOPE WORKS, HIGH PATH, LONDON, S.W.19 
Telephone: CHErrywood 335! Telegrams: Radivisor London S.W.19 


<i. 
RADIOVIS 





OR 
CTS ea? 
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Special Poatured 


® Reliability at high 
temperature. 


High power to space 
ratio. 


Very high rectification 
efficiency. 


aa 


SILICON 
FERRANTI LTD* GEM MILL ‘ CHADDERTON * OLDHAM * LANCS * Tei: main 6661 aL Ue 


LONDON OPFICE: KERN HOUSE, 4, KINGSWAY, W.C.2. Telephone: TEMple Bar 64666 DEVICES 
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The man 
who's using 
AUSTINLITE 


without knowing it 


, . 
Any man in the know rings up Austinlite when he wants something —7HUS tintite 
slightly —or considerably — out of the ordinary in electrical control j 
gear. In doing so it is almost a certainty that he is depending on ELECTRICAL EQUIPMENT 


Austinlite for his connection: the G.P.O. uses hundreds of Austinlite Gustom-built by 
standby sets and control cubicles. STONE-CHANGCE LTD 

So do other public services. In fact wherever control gear must be (makers of Sumo Pumps and 

more than usually reliable you tend to find it is made by Austinlite.  Stone-Chance Lighthouses) 

Not surprising really. Austinlite gear was in its early days developed CRAWLET, SURSER, ENGLAND. 


London Office : 28 St. James’s Sq., 8.W.1. 
for use in lighthouses. Millions of tons of shipping depend on it. Telephone: TRAfalgar 1954 
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for the ULTIMATE 
in PRECISION control or alarm 
use the BAILEY WBOR 


resistance bridge controller 


INPUTS 





| @ Resistance Thermome‘ers 


Resistance Strain Gauges 


Potentiometer 


@ Any other transducer giving a 
resistance change in the range 
0-2000 ohms. 


— 


OUTPUT 


Operation of Heavy Duty Relay 








Contacts 

te Please send for leaflet ref. No. E12-16 
ENT 

FA Bailey Meters and Controls Ltd. 

Ar I 

are PURLEY WAY: CROYDON: SURREY - Telephone CROYDON 4191 
ND. 
8.W.1. 


INSTRUMENT AND CONTROL SYSTEMS FOR THE POWER AND PROCESS INDUSTRIES 
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Cut the extrusion to length 

Mitre the ends of the flanges; special IMLOK jigs make this easy 
Slide the extrusion on to the connectors 

Secure the extrusions in place by screwing tight the fixing screws. There you have a stron; 
neat framework, made in minutes 





awn 


Strangpressprofil zuschneiden 








1 

2 Enden der Flanschen gehren: dies wird durch IMLOK-Spezialwerkzeuge erleichtert 

3 Profil auf die vorgebohrten Verbindungsstiicke aufschieben ‘ 

4 Schraube in jeden Verbindungsarm einsetzen und festschrauben, sodass das Gestell starr ver- 
bunden ist. 

| Couper la longueur de métal extrudé désirée 

2 Biseauter les extrémités des brides; des gabarits IMLOK spéciaux facilitent la tache ' 

3 Faire glisser la piéce extrudée sur des connecteurs préparés d’avance i 

4 Placer une vis dans chaque bras de connexion. Serrer pour obtenir un cadre solide et net ; 

1 Corte la extravasacién del largo 

2 Ingletée las puntas de las alas: las plantillas especiales IMLOK facilitan la operacién 

3. Deslizase la extravasacién sobre los conectadores ya taladrados 

4 Coldquese la tuerca en cada brazo conectador. Ajdstese para formar un armazén fuerte y proliio. 


the [MLOK construction system 


+ ae 


NE 


REE STIETEE 





- ° 
Tas eet 


IMLOK — the low cost, unique construction system consists of alloy extrusions and locking 
corner connectors. It’s simplicity itself; you can make precision cases, cabinets—all sorts of 
structures—to your own design, without any tool costs! Imlok is smart, speedy and strong. 
You'll find it a boon for research and prototype work, and often the answer to a production 
problem. Write now for full information. 


SOE LE OT PS 


IMLOK — das billige, einzigartige Bausystem besteht aus Legierungs-Strangpressprofilen und 
Eckenverbindungen. Es kann nicht einfacher sein! Es erméglicht Ihnen, Prazisionskabinette, 
Kasten und andere Bauarten herzustellen, und dies nach Ihren eigenen Wiinschen und ohne 
Werkzeugkosten, IMLOK ist anziehend, schnell und fest. Unentbehrlich fiir Forschungs- und 
Prototypearbeiten — und oft auch die Antwort auf andere Produktionsprobleme. 

Bitte fordern Sie volle Einzelheiten an! 





IMLOK —le systéme de construction unique 4 bas prix est constitué de piéces en alliage 
extrudées et de connecteurs de fixation de coins. C’est la simplicité méme! Vous pouvez 
fabriquer des boites et des placards de précision — toutes sortes de structures en fait — 
d’aprés vos propres dessins, sans avoir a acheter d'outils. Imlok est élégant, rapide et solide. 
Vous le trouverez d'une utilité extréme dans vos travaux de laboratoires et pour la con- 
struction de vos prototypes; Imiok vous offrira souvent la solution de vos problémes de 
production. 

Pour plus de renseignements écrivez nous sans tarder. 


IMLOK — el costo bajo, el singular sistema de construccién consiste de extravasaciones de 
aleacién y la cerradura de los conectadores de esquinas. Es simplicidad en si misma: iVd. puede 
fabricar cajas de precisién, bufetes — todas clases de estructuras —a su propio disefio, sin 
costo de herramientas! Imlok es elegante, rapido y fuerte. Lo encontrara un don para trabajo 
de investigacién y de prototipo, y frecuentemente la respuesta para problemas de produccién 
Escriba ahora para detalles compietos. 





Alfred Imhof Ltd Dept 02 112-116 New Oxford Street WCI MUSeum 7878 
Works: Ashley Works Cowley Mill Rd Uxbridge Middx Uxbridge 6231 


MHOFS AGENTS OVERSEAS 


Australia: Aladdin !ndustries (Pty) Ltd, Denmark: Tage Schouboe, Holland: }. Th. van Reisen, Delft U.S.A.: Bud Radio Inc, 
Stanmore NSW Copenhagen N New Zealand: !marex Ltd, Auckland C3 Cleveland 3, Ohio 

Belgium: Rogelec, Ghent Finland: Oy Scienta Ab. Helsinki Norway: Birger Christensen, Oslo British Guiana: 

Canada: Measurement Engineering Ltd, Germany: Sunvic Regier GMBH Sweden: Electroniund AB, Malmo C Davsons Carr ttean Agencies Ltd, 
Arnprior Solingen—Ohligs Switzerland: Walter Blum, Zurich 2/39 Georgetown 
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TRANSISTOR GALVANOMETER AMPLIFIER 
COMPLETES THE SYSTEMS LINK 


Win 


AND MEASURE 
iT TOO — 
IF YOU'RE WISE 


























The measurement of strain is an increasingly import- 
ant task in modern industrial planning and in a 
multitude of operations. One major problem is the 
amplification of strain gauge signals and the A.W.E. 
Transistor Galvanometer Amplifier is ideally suited 
for this purpose. L) The T.G.A. is one unit of a 
specially developed recording system which has a 
wide application in strain gauge pressure measure- 
ment and the general instrumentation field. The 
Amplifier is a modular unit, designed to drive 
viscously damped galvanometers which normally 
have a resistance of 50 ohms and a working range 
of DC to 2 Kc/s in Frequency. L) Do your strain 
es gauge problems include measurements up to 
750°C ? We can supply ‘Avro’ units to meet these 
stringent requirements:— Write to us for details. 





DRIFT 2mA/°C at output inte 502 load at max. gain 
; GAIN 7-5mA/mV. Maximum into 5022 load 
; OUTPUT +35mA. Max. into 502 
; SUPPLY + 6 Volt. D.C. at 220mA each line 


ARMSTRONG WHITWORTH EQUIPMENT, succiecore. GLOUCESTER. TELEPHONE: 67011 


ncies Ltd, 


SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LTD., COVENTRY, ENGLAND. MEMBER OF HAWKER SIDDELEY AVIATION 
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in one 


It’s a comforting thought that a complete wiring system, 
embracing perhaps five hundred connections, 
can be bought-in simply by quoting one part number. 


Preformed wiring by Plessey, in conjunction with Plessey plugs and 
sockets, solves many of the problems encountered in the making up of wiring 
assemblies used in the manufacture of electronic and electrical equipment, 
and the benefits both structurally and economically are considerable. 


One order on Plessey for a complete assembly — or set of 
assemblies — means only one supplier to progress — only one item to be 
concerned. 


WIRING & CONNECTORS DIVISION 


Plessey i seme wo ‘ders on " 





FR) cw if 
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' LOOK HERE, PROFESSOR — 
DON'T YOU KNOW THAT THE 
2N 502 WILL GIVE A POWER 
GAIN OF 10dbs AT 200M /cs 
AND IS NOW AVAILABLE HERE 
AT 52/-! 
THAT'S ALMOST A 
50% REDUCTION // 









Bas’ Naya 
4 a oek oa ae 


BAY ome oe 
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Precision 
Amplitude Pulse 


Generator | 2" 


Main: a 10-turn potentiometer for 
continuous adjustment over O—40V with 
a linear accuracy of + 80mV. 

- Y P E P G 1 Incremental: A six position step control 
and precision potentiometer with a large 
semi-circular scale 10}” long, make 
setting accuracies of + 1mV possible. 


AMPLITUDE STABILITY 


Over an eight hour period, stability for 
mains variations of +1% is +.005% or 
+0.025% with mains variation of +5%. 

Designed for calibration and checking 


of precision pulse measuring circuits, 
this instrument is of particular value in 
accurately measuring channel threshold 
and width in pulse height analysers. 


ee ea 


Full technical specification from 


instrumentation Division 
Associated Electrical industries Limited 


P.O. BOX NO. 1 HARLOW, ESSEX Telephone: HARLOW 25271 Telegrams: “SUNVIC, a 
SC/ 954 


TIME ss SECONDS 
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This servo operated control valve was de- 
signed and manufactured by Cockburns of 
Cardonald for service with Liquid Oxygen 
at 900 p.s.i. and MINUS 183 C. 


Cockburns of Cardonald have the experience 
and technical resources to design and manu- 
facture valves for service under the most 
exacting conditions. 


COCKBURNS LTD 


CARDONALD GLASGOW SWI 
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MAGNETIC AMPLIFIERS from the PARMEKO RANGE 


MAGNETIC AMPLIFIERS 
No. P2865 and P2866 


These robust units are designed to 
measure and amplify small D.C. sig. 
nals accurately and to have a large 
enough output to drive pen-recorders 
or several panel mounted instruments. 
They can also be used as pre-amplifiers 
for larger output power equipment. 
The units are self-contained, have no 
valves and when mains power is applied 
are ready for instant use. The P2865 
is suitable for measuring from a volt- 
age source such as thermo couples and 
the P2866 is designed to measure 
from a current source such as a bar- 
rier layer photocell. 


SPECIFICATION: 

Output: Push-pull. Power 0°25 watts 
D.C. reversible polarity. Optimum load 
resistance = 300 ©. 

input: P2865 30 millivolts into 
15,000 2. Source 900 2. P2866 6°5 
microamps into 750 ©. Source 7,000 ©. 
Accuracy: + 1%, with supply voltage 
and frequency variations of + 5°. 
Drift: 10-' watts referred to the 
input. 


Supply Voltage: 200-250 v. 50 Single 
Phase. 


Meter Dial: Scale 3”. 
Dimensions: 12” « 8)” = 54” high. 


A.C, POWER CONTROL UNIT 


These units have been designed to con- 
trol A.C. power loads, and find many 
applications in the regulation of elec- 
tric furnaces, lighting circuits, etc. The 
load voltage for maximum linear out- 
put from the reactor is approximately 
85"., of the supply voltage and suit- 
able step up transformers can be sup- 
plied if required. 


SPECIFICATION; 


Maximum Power Output: Catalogue 
Ref. No, P.5501: 1 kW A.C. Power. 
Catalogue Ref. No. P.5502: 3 kW 
A.C. Power. Catalogue Ref. No. 
P.5503: 5 kW A.C, Power. Catalogue 
Ref. No. P.5504: 10 kW A.C. Power. 


Supply Voltage: 240 Volts 50 Cycles 
| Phase. 


Minimum Power Output (with zero 


input): Not greater than 3° of 
maximum power. 


input (for maximum output): 5 mA 
D.C. into 3000 ohms. 


Linearity: The Output Power/input 
Current characteristic is substantially 
linear. 


Regulation: A variation of + 6°, in 
the supply voltage produces a change 
in < output voltage not exceeding 
. oe 


Temperature: Temperature rise 50°C. 
at continuous full power output in 
ambient of 40°C. 


LOW VOLTAGE STABILISED D.C. 
POWER SUPPLY UNIT 


Based on magnetic amplifier circuitry, 
this unit provides a completely reliable 
D.C. Source for all types of Electronic 
equipment. It will also be found ex- 
tremely useful for laboratory work 
involving the use of medium and high 
power Transistors, Since no thermionic 
valves are used, the temperature rise 
is comparatively low and the overall 
efficiency is high. The unit is robustly 
constructed on a fabricated framework, 
with removable covers, All components 
are conservatively rated. 


SPECIFICATION: 


Catalogue Reference No.: P.5500. 
Supply Voltage: 360/400/440 Volts: 
50 Cycles 3 phase. 


Output Voltage: 10/15/20 or 25 Volts 
D.C. (switched). 


Sane Current Range: 2-10 Amps 


) impedance: A pre-set poten- 
tiometer is fitted to enable the impe- 
dance to be smoothly adjusted from 
positive to negative values, 
Ripple Voltage: Less than 90 mV at 
maximum cu b 
Output Voltage Regulation: Less than 
+ 133 for an input voltage change of 


Size: 18” x 12” x 20” high, 


PARMEKO LTD percy ROAD, LEICESTER. Tel: 32287 
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T.A.L. NUMATICS 


air control accessories 


T.A.L. Numatics silencers and regulator eliminate pneumatic exhaust shock, proved by scientific tests 
to be a major cause of operator fatigue. Because T.A.L. Numatics valves are fully balanced, cylinder 
speed can be controlled by throttling the valve exhaust ports and much piping is saved. The silencer 


regulator is a logical combination of the silencer and regulator which facilitates shock suppression and 
gives full range cylinder speed control. 


These accessories are available in standard sizes }”’—1}” B.S.P. and are easily fitted. Write for full details of all T.A.L. 
Numatics products, including sealless solenoid operated valves, manifolds, and precision built cylinders. 


T.A.L. NUMATICS LTD 
ENERGY WORKS - LEIGHTON BUZZARD - BEDS. (VTE 


Telegrams: ‘‘ Consult” Leighton Buzzard. 
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simpler... 





stronger 


Resistant to vibration, shock, corrosion and 


Thorn “SR” connectors |” “nme | 


Operate over the temperature range — 40°C to 





the perfect external 100°C. 
for racked components * One piece die-cast, cadmium plated shells— 
cent one piece resilient inserts. 
uipment | a 
war nusinel’ * Closed entry sockets—Self centring pins. 


hae ne arc ‘ oe 40 p ins ( as lh strate d). 


ce Pin rating: 4 amps. 
Rugged, simple construction is the outstanding feature of S P 


Thorn S.R. Connectors. The one piece, die-cast, cad- * Operating voltage: 250 volts A.C. 
mium plated shells and one piece resilient inserts of both « Overall dimensions: 
plug and receptacle ensure exceptional resistance to Plug 2.312" x 1. 


l 
shock and vibration. Receptacle 2.312" x 1.1 
Low engagement and separating forces are provided by 


25” x 1.000" | 
25” x 1.125" | 


the pliancy of the insert and the self centring action of The complete AN Series and Pygmy PT series are also 


the pins to the closed entry sockets. included in the Thorn ranges of Electrical Connectors. 


Ore THORN ELECTRICAL INDUSTRIES LTD. COMPONENT & CONNECTOR DIVISION 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. TELEPHONE: ENFIELD 5353 







— 
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LOCKHEED ARE SPECIALISTS 
IN THE ENGINEERING OF COMPLETE SCHEMES 
FOR HYDRAULIC ACTUATION 
including installation and putting to work— 


CENTRALISED HYDRAULIC CONTROL HYDRAULIC SERVO OPERATION 


SYSTEMS —electro-hydraulic, power- —including ‘follow-up’ systems and 
hydraulic, manual-hydraulic. follow equipment — 
' POWER-HYDRAULIC OPERATION. AUTOMATIC SEQUENCE PROCESS 
| SYSTEMS. 


> 





Lockheed 


DESIGNERS AND MANUFACTURERS 
OF A WIDE RANGE OF STANDARD HYDRAULIC UNITS 


hells— | —and of special hydraulic units to customers’ requirements— 


SUPPLY TANKS, PUMPS, CONTROL VALVES AND OTHER VALVE UNITS, 
HYDRAULIC CYLINDERS OF MANY TYPES, 
ACCUMULATORS, POWER AND CONTROL CABINETS, POWER PACKS, 
SEMI-ROTARY SLAVES, HYDRAULIC MOTORS, 
PRESSURE SWITCHES, 
ELECTRICALLY-OPERATED UNITS AND ELECTRICAL INDICATION 


on and 





40°C to 


INS. 


- - 
jd pum 
3 


Hydraulic power is positive power—controllable power 
Lockheed practice is backed by a quarter of a century of Lockheed high-precision hydraulics. 


s are also 


INDUSTRIAL HYDRAULICS 





Ms 


ENCY METER 


Series 1795 Mark ll 


FREQU 





The only digital Frequency 


Meter with additional 


remote indicator facilities 





@ Brilliant neon digital display is clearly readable 30 feet away. 


@ Maximum counting speeds of up to 10 kc/s (4 digits) or 


100 kc/s (§ digits), to an accuracy of + 1 count, + 0.005%. 


@ When used in conjunction with a magnetic or photo-electric 


pick-up gives direct readout in revolutions per minute. 


J. LANGHAM THOMPSON LTD. 


BUSHEY HEATH - HERTFORDSHIRE 
Telephone: BUShey Heath 2411 (6 lines) Grams: Tommy Watford. cro 
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' control engineering— 


The experience gained by this Company over many years of Control 
Engineering in almost every industry, together with considerable 
resources for research and development are available to you for the 


solution of your present and future control problems. 


ENGLISH ELECTRIC 


control gear 


J 


meme THE ENGLISH ELECTRIC Company LIMITED, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Control Gear Division, Kidsgrove, Stoke-on-Trent, Staffs. Tel: Kidsgrove 2141/3 
cj WORKS: STAFFORD . PRESTON * RUGBY ° BRADFORD LIVERPOOL ACCRINGTON 


CGJA 
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AGTIONATOR 


Type A Actionator motors are ideal 
for rotary plug valves, dampers. 
butterfly valves, etc. 

Features include internal brake and 
micro switch limit switches. 


heavy duty electric motors for valves and dampers 


Use the powerful new Actionator 
industrial type motors to operate 
slip stem valves, rotary plug valves. 
butterfly valves, dampers, etc. 


Variety of speeds 

Actionator motors are available with 
a variety of speeds, from 9 to 

144 seconds full-stroke operation. 
The high speed permits use with 
pulse-type controllers such as those 
used in radiant tube firing. 

Torque ratings range to 200 lb-inches. 


All control forms 

Modelsareavailable with two-position, 
floating and proportional control. 
Optional models can include 
cam-operated, internally mounted 
switches for a variety of dual 
switching purposes. 


Write Now 

for more details, or send the coupon to 
Honeywell Controls Limited, 

Ruislip Road East, 

Greenford, Middlesex. WAXlow 2333. 
Branch offices in principal towns 

and cities of the United Kingdom 
—and throughout the world. 


Honeywell 
Fiat in, Covttol 


SINCE 18865 


Tick No 86 on reply card for further details 


















Type B Actionator motors are 
designed for vertical acting 
slip stem valves having lifts 
of $ inch through 14 inches. 
Double ended shaft can also 
simultaneously operate 
butterfly valves, rotary stem 
valves and other devices 
through suitable linkages. 
Features include built-in 
linkage and strain relief, 
mounting yoke and enclosed 
terminals with gasketed 
housing. No auxiliary 
mounting bracket required. 


eee 


Please send me a copy of: 
Specification Sheet $804-3 (Type A) S 
Specification Sheet S1016-2 (Type B) [] 


POGITION .....22-2c2ccccccnwcccccccscccecccccocceccecccowcocccccses 


ADDRESS. .........cccccccocccccccecnocceeceneecosecccencsccncecees 


a Chen as ee ene ana 
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1844 


The first practical aneroid barometer was invented in 1844 by 
Lucien Vidie, a French amateur scientist. Since that time the same 
dial and pointer presentation has persisted despite the disadvantages 
imposed by the necessity for the aneroid capsule to do work in 
turning the gears and pointer. In the Mechanism Precision Aneroid 
Barometer, the aneroid capsule displacement is measured with a 
micrometer, a scale factor of over 500/1 being achieved with no 
penalty in work done to overcome friction. This advance is possible, 
only by detecting with precision the point of contact between 
micrometer and capsule. Observations of the contact point can be 
repeated within .00002 inch by incorporating in the contact circuit 
a ‘magic eye’ (cathode ray tuning indicator), driven by a self 
contained D.C. supply. Long term stability is achieved by an 
extensive process of artificial ageing, independent tests over 15 
months showing zero secular drift. Ability to withstand handling 
shocks has been shown by despatching an instrument by parcel 
post from Carlisle to Croydon without affecting calibration. 





1960 





Characteristics : 


Ranges : 800 to 1,050 Mbs. 
900 to 1,050 Mbs. 
Discrimination : + 0.1 Mb. 
Accuracy at 20°C : = 0.3 Mb. 
ae ae Accuracy at0°C&40°C : 0.5 Mb. 
i] < bes, Fitted in Carrying Case : 
Weight : 54 1b 
Dimensions : 6}” X 6}" > 8 


Precision Aneroid Barometer 
TYPE M.1847. 


GYRO WORKS « GEORGE STREET 
MECHANISM LIMITED YRO works » ceo 


Telephone * CROydon 3426-9 " * Telegrams ‘ GYROMEC * CROYDON 
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Take the best in Constant Voltage 
Transformer design and practice... 


maintain all those features proven by i 
years “‘in the field”. . . add still greater 
efficiency . . . reduce size and weight . . . 


and then drastically cut the cost — and 
you have the new ‘VOLSTAT? CV Series. 
Models now available with output 
capacities of 25, 50, 75 and 100 watts an 
range of outputs from 6 to 240 volts — 

















* Re ETAEEe 


all providing assured output voltage 
regulation within + 1° for input 
variations of up to + 15%. 


with the ret CW Series 


VOLSTAT 


CONSTANT VOLTAGE TRANSFORMERS 


WEIGHT REDUCED by over 25% ‘ 
SIZE REDUCED by 40°, 


STRAY FIELD REDUCED by over 75% 


OPERATE AT ANY LOAD 
from ‘NO LOAD?’ to ‘FULL LOAD’ 


@ WILL OPERATE CONTINUOUSLY AT b 
AMBIENT TEMPERATURES from—l0 to +50°C. Y 





















They cost less too ! — Here’s an example 


PRICE £6. 5.0 PRICE £8. 0.0 





MODEL CV.25/E MODEL MT.281/E i 
input Voltage 190-260V 190-260V & 
Output Voltage 6V 6V f 
Output Capacity 25w 25W s 
Dimensions 5i° x34” x 4i’ 7” x 54” x 43” f 
Weight 5 Ib. 7 Ib. i 

b 


Full details in folder G.63 available on request. 


oe MAINS STABILIZATION DIVISION 6083 


ROEBUC K ROAD + HAINAULT © ILFORD + ESSEX * TELEPHONE : HAINAULT 4444 @eee<0e5«5e+eoe32e2ee#e#e#e#e?e8e@8¢8@é@6Uh3Hm—mUC;«hH 8 8 te le 
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* A Cressall Torostat. 
A toroidally wound 


' oer : y i s led 

electrical units to handle every electrical loading from eereeue Gen 
rheostat for 

over 20,000 kilowatts to as low as 4 watts... long service and 


accurate control 


Expamet-Cressall make and supply 


whilst it is unlikely that you will require the 
larger resistors, it is good to know that in 
Expamet-Cressall you have a simple, reliable organisation, 


more than equipped to meet all your specialised needs. 


EXPAMET-CRESSALL go together all the way 


. il The Electrical Division of 
Pessa The Expanded Metal Company Ltd. 


London Office: Burwood House, Caxton St., London, S.W.1. Telephone: ABBey 7766. 


Works: Stranton Works, West Hartlepool. Telephone: Hartlepools 5531. 
The Cressall Manufacturing Company Ltd., Eclipse Works, 
Tower St., Birmingham 19. Telephone: Aston Cross 2666. 
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Transistor OC203, the most recent of the first 
three types in the Mullard series of 50 mA general 
purpose silicon alloy transistors, is now fully 
available. This new transistor has a collector 
hold-off voltage of —60V and is intended for 
high voltage applications. 

Like the OC200 and OC201 announced earlier, 
the OC203 has a low bottoming voltage and all 
the advantages of the well-known OC71 germa- 
nium series. The equipment design considerations 
are basically the same for both the silicon and 
germanium series, and designers can gain the 
maximum benefit from their experience with 


0C200 


The basic type in the series. Average current gain 20 
and minimum f, 0.3 Mc/s. Maximum collector 
voltage is —25V, but the low bottoming point allows 
operation from supplies as low as 1.2V. 


00201 


A similar transistor to the OC200, but with average 
current gain increased to 30 and minimum f, in- 
creased to 2 Mc/s. 


This, the most recent transistor in the series, fulfils 
the requirements of applications needing higher 
voltage ratings. Maximum collector voltage, d.c. or 
peak, is —60V. 





MULLARD GENERAL PURPOSE 
SILICON ALLOY TRANSISTORS 
... THE FIRST THREE TYPES 


MULLARD LIMITED + SEMICONDUCTOR DIVISION - MULLARD HOUSE - TORRINGTON PLACE - LONDON WC1 - 
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germanium when using the silicon transistors. 

All three silicon transistors feature a low 
collector leakage current and reduced noise figure. 
Their wide junction temperature range makes 
them suitable for use at low and high temper- 
atures in aircraft, guided weapons and industrial 
equipment. 

These silicon 50 mA transistors express the 
Mullard philosophy for both germanium and 
silicon devices thorough development 
followed by extremely large scale preduction 
to provide the user with practical and reliable 
transistors at very favourable prices. 


Your enquiries are invited on the OC200 series and other 
semiconductor devices in the Mullard range of over sixty types. 


Please write or telephone the address below. 











TYPE No. OC 200 OC 201 
Minimum operating am- | 
bient temperature (°C) —S50 —S0 
Maximum junction 
temperature (°C) + 150 + 150 
Abridged data 
(at Tamb 25°C) 

Vep (pk) max. (Vv) —25 —25 
Vep max. (av or d.c.) (V) —25 —25 
i (pk) max. (mA) 50 50 
I. max. (mA) 5so.C| SSO 
a’ (or %) spread IS to 60 | 20 to 80 
Vee (lL=7 mA, 

Ih=!mA) (mv) —130 —100 
ob’ (a) 125 | 125 








TEL: LANGHAM 6633 







































= 
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The above photo shows the Analog Computing System which 
was purchased by Harwell and recently installed at the U. K. 
A. E.R. E. Winfrith Heath Laboratory at Winfrith, Dorset, 
England. This System consists of two fully expanded PACE 
231 R Computers, which are of great assistance to scientists 
of this world famous Research Center in their Nuclear Studies. 


Important types of Nuclear Problems that can be solved by 
Analog Computers include the following : Neutron-Flux Dis- 
tribution, Reactor Dynamic Analysis, Radioactive Fallout 
Predicting, Xenon Poisoning in Reactors, Reactors & Power 
Plant Simulation, Linear Proton Accelerator Design, and 
Diffusion Problems. 


Among the outstanding advantages that PACE can offer Nuclear 

Clients are : 

* The experience and research facilities of Electronic Asso- 
ciates, world’s leading producers of Analog Computers for 
over 8 years 

* High quality and reliability, evidenced by .01% linear and 
non-linear components - standard with PACE since 1954. 

* Ability to offer a wide range of linear and non-linear 
elements, together with all types of input and output 
equipment 

* Built-in automatic features to ease programming and 
problem preparation, such as ADIOS (Automatic Digital 
Input-Output System), AERO (Automatic Read Out System), 
Automatic Problem Check, and new removable Modular 
Pre-Patch Panel. 
































Tel. Burgess Hill 26.36 Telex PACE BURGESSHL 





ELECTRONIC ASSOCIATES LTD- Works and Head Office : Victoria Road - Burgess Hill - Sussex - England 


Tel. 11.43.69. Telex: PACE BELGBRU. 
European Computation Center and Continental Sales Office - 43. rue de ta Science Brussels 4 - Belgium 
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* E.A.I. sells over 300 systems each 


Some of the European Nuclear clients 
PACE, in addition to Harwell, are : 


FRANCE. 

Commissariat a Il’ Energie Atomique, 
Saclay 

Lab. de Physique Nucleaire 

Univ. de Paris 


PUTER 





year, ranging in size 
from 10 to over 500 amplifiers, permitting it to maintain 
high quality at economic cost to clients. In the past two 
years 50 PACE Systems have been sold in Europe alone. 


who have purchased 


U.K. A.E.A. Industrial Group, Risley 
HOLLAND. 


Philips Research Labs 
Reactor Centrum 


Ca Generale di Elettricita 


Cie Francaise Thomson Houston K.E.M.A 
GERMANY. ITALY. 
Brown Boveri Agip Nucleare 
Telefunken 

Kernreaktor 


Technische Hochschule Darmstadt 
Technische Hochschule Stuttgart 
Deutsches Elektronen- 
Synchroton ( DESY) 


GREAT BRITAIN 

Central Electricity Generating Board 
General Electric Co Lid 

A.EJA. John Thompson Nuclear Co. 





Skilled Application engineers from the E.A.I. European 
Computation Center in Brussels stand ready to assist European 
and Instrumentation 


industries with their Computer Systems 
problems. 
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Costruzioni Elettroniche e 
Automatismi (C.E.A.) 


SCANDINAVIA 

ASEA, Sweden 

Institutt for Atomenergi, Norway 
Rekeriaktibolaget 

Nordtjernan, Sweden 

Chr. Michelsens Institutt, Norway. 
Atomenergi, Sweden 


DETAILS OF OUR COMPLETE LINE OF PACE COMPUTERS AND INSTRUMENTS WILL BE SENT UPON REQUEST. 


PRODUCERS OF 


a 
ANALOG COMPUTERS 
ies ae a 













ize 


FLAME PHOTOMETER 


i for accurate alkali metal 
determinations 


o <- = 
a & os 
ST 


If you are considering the purchase of a Flame Photometer be careful not to waste money on a 
} relatively untried instrument. There is no need for this if you choose the “ EEL” Flame Photo- 
meter when you consider that 


%& Thousands are in use every day. 


%& Research papers published throughout the world contain the statement “ results obtained 
on an ‘ EEL’ Flame Photometer.” 


_ } %& Large groups of health organizations are purchasing the “EEL” for research and routine 
work. 

in 

. : YOU CAN BENEFIT FROM THEIR EXPERIENCE — INVEST IN “EEL” 


Send for details of this unique instrument 


EVANS ELECTROSELENIUM LTD 


SALES DIVISION 95 ST. ANDREWS WORKS - HALSTEAD ~-_ ESSEX 
SALES AND SERVICING AGENTS THROUGHOUT THE WORLD 
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>GRAPHICALLY 




















The Cossor Model 1063 Hydraudyne is the 
oscillograph designed specially for the hydraulic 
engineer. It provides display and measurement 
facilities for both static and rapidly transient 
phenomena, in gaseous or liquid systems. 

The following are just a few of the points 
worth noting :— 


* Light, compact and portable. 

* Virtually instantaneous response. 
* Time calibration facilities. 
* 


Display height easily calibrated against 
dead-weight tester or other reference. 


* Balanced vertical amplifier with trace 
height adjustment. hes 


* Variable time-base with variable expansion 
and delay. 


* Wide range of facilities for photographic 
recording. 









We shall gladly send further details, 
or arrange for a Sales Engineer to call. 


COSSOR INSTRUMENTS LTD 


The Instrument Company of the Cossor Group 


COSSOR HOUSE, P.O. BOX 64, HIGHBURY GROVE, LONDON, N.5 


Telephone: CANonbury 1234 (33 lines) Telegrams: Cossor, Norphone, London Cables: Cossor, London Codes: Bentley's Second 
TA/C1.20 
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Lesson from Westminster 


N ancient Greek after-dinner drinking 
Ae with music, dancers, and other de- 

lights of social intercourse, was called a 
‘symposium’. Last month the Institution of 
Mechanical Engineers held a Symposium on 
Recent Mechanical Engineering Developments in 
Automatic Control. It was a gathering to which 
many engineers had looked forward quite eagerly, 
but which did not succeed as brilliantly as might 
have been expected. There was no dancing, either 
actually as in classical times, or metaphorically, 
with the more subdued joy of a modern learned 
society. This is a pity, for the initiative taken 
by the I.Mech.E. was most commendable, and 
the occasion deserved to sparkle more than it 
did. Elsewhere in this issue readers will find a 
review of the Symposium by one of the delegates, 
Mr. J. J. Foody, who gives reasons for his 
own disappointment. While we agree with much 
of what he says, we must diverge from him in 
judging the arrangements. Not that the Institution 
is specially to blame here. The fault, as we see it, 
lies in the conventions that encumber most techni- 
cal gatherings. The Mechanicals’ method was, 
nominally, to distribute copies of the lectures in 
advance of the meeting: at the Symposium itself 
the authors were to deliver a resumé of their 
papers, and then those delegates who had applied 
beforehand could make their comments. Any time 
remaining was free for unbooked speakers. In 
practice we (like many others) had to collect our 
*pre’-prints during the Symposium, so we had 
precious litle time in which to look at any of them 
before the authors said what they could in their 
allotment of minutes. 

At the Institution of Electrical Engineers, not 
long after the Mechanicals’ Symposium, there was 
a two-day discussion meeting on Reliability and 
Maintenance of Digital Computer Systems.* For 
this meeting the delegates were not provided with 
advance copies, but only with short abstracts. 
The audience was as embarrassed as one of the 
speakers when he explained that his full written 
paper (which presumably will appear in the pub- 
lished proceedings) contained information to back 


* See News round-up for a short report 
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his conclusions, but that he was bound by the 
rules in the same way as the other speakers, and 
had to compress his remarks into a short sum- 
mary illustrated by only a few representative slides. 
To what extent is it fair, we wonder, to call for 
discussion of papers only partially delivered? 


We have referred to these two functions simply 
as examples. We do not consider that either of 
the procedures we have described is notably bet- 
ter or worse than most that are practised nowa- 
days. That is our criticism. It seems to us that 
there is room for improvement in the way that 
important and large-scale conferences are run gen- 
erally, and we suggest that some pretty radical 
thinking is necessary. 

A few thoughts have obviously been stirring 
already. The I.Mech.E., for example, is holding a 
meeting on The Computer in Production (next 
March), and there no formal papers will be read. 
That is one approach, and might be better than 
many. But we learn that the Council is to forbid 
reporting of the proceedings. Chartered Engineers 
have surely no need to be so shy. Rather the re- 
verse, and we hope that the Council will not 
impose such a ban. This is especially important in 
view of the fact that only the first three-hundred 
applicants will get admission tickets, and it would 
be a pity to restrict or delay the spreading of in- 
formation in such an important field. 


Another approach, and one that we rather like, 
is to have a streamlined version of the traditional 
conference organization; fewer papers, copies well 
in advance of the meeting, and discussion opened 
without pretending to ‘ deliver’ the papers first. 


There are, after all, two broad classes of paper; 
the kind that stimulates debate, and the kind that 
needs long cogitation and carefully rehearsed com- 
mentary. The second kind is already being dealt 
with fairly satisfactorily by the method of distri- 
buting copies for written discussion, and then pub- 
lishing. The first kind should be firmly and frankly 
distinguished from the second, and discussion or 
debate will be more fruitful if this is done. A 
Hansard from the professional institutions should 
make interesting reading. 
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LETTERS 


to the EDITOR 


Non-U O, analysis 


SIR: I am sorry to say that the sur- 
vey on oxygen analysers* which men- 
tions our instrument contains two 
basic errors. The D.C.L. oxygen 
analyser is based on the Faraday 
method of comparing volume mag- 
netic susceptibilities and not on the 
Quincke effect as stated. The Quincke 
method of measuring susceptibilities 
uses a U tube full of liquid, one arm 
of the U tube being very narrow and 
very uniform, and the other arm is 
very wide in comparison. The inter- 
face of the liquid in the narrow limb 
is placed in a powerful magnetic field, 
but the lower portion of the U tube 
is in a very weak field. A force will 
act on the liquid and the level of the 
liquid will change, and the amount 
of change depends on the difference 
in volume susceptibility of the liquid 
and the gas above its surface, (Vide: 
Modern Magnetism, L. F. Bates, 3rd 
Edition, 1951, p. 118.) 

The range changing on our instru- 
ment is not accomplished by chang- 
ing the gain of the d.c. amplifier as 
this would, of course, change the 
stability criteria of the servo system. 
In fact, an attenuator varies the volt- 
age applied to a self-balancing poten- 
tiometer recorder and, consequently, 
there is no change in the overall gain 
of the system. 


The Distillers Co. Ltd. ©.W. MUNDAY 


*CONTROL, Dec. 1959, page 129. 


@ Mr. Williams writes: ‘Mr. Munday’s 


criticism concerns two points. The 
first is about the Quincke effect. I am 
concerned with the effect and not with 
the method with which Mr. Munday 
confuses it. 

In Jeans’ ‘“ Mathematical Theory 
of Electricity and Magnetism”, Cam- 
bridge, 5th Edition, 1925, he will find 
on pp 415-417 inclusive a discussion 
of the forces acting on a piece of mat- 
ter in a magnetic field for which an 
expression is derived. Jeans then says 
that this general formula assumes a 
special form in the important case 
when the magnetic medium is a fluid 
and he proceeds to derive this form, 
mentioning en _ passant Quincke’'s 
work. This was concerned mainly with 
liquids but he also worked on gases 
as cited by Jeans. Quincke’s experi- 
ments and studies on fluids entitles 
him to parenthood of the basis of 
Mr. Munday’s instrument although, 
again quoting from Jeans, Matteucci 
may first have observed the effect of 


CONTROL February 1960 


the pressure in a fluid in a non-mag- 
netic field. 

I am grateful to Mr. Munday for 
his correction on the precise manner 
of changing the range of his instru- 
ment. I would be able to agree with 
his reason for his choice of method 
if he used in it the word “could” 
instead of “ would” ..—EDITOR. 


Wrong number 


SIR: I have to draw your attention 
to the remark by “ Staffman” im- 
plying my absence from the Press 
Demonstration of the Dollis Hill Ex- 
perimental Telephone Exchange. 

In point of fact I was present and 
representing Ericsson Telephones 
Ltd., both on the day prior to the 
press release and on the press morn- 
ing, as “ Staffman” could have dis- 
covered by making the simplest en- 
quiries. 

I do feel that if your magazine is 
to publish remarks about those people 
in control, then at least you should 
ascertain that they are correct before 
publication. 
Ericsson Tele phones 
Ltd. 


Staffman, not having been there, did 
not report the press demonstration. 
Nor did he (or CONTROL) receive your 
press release. The subject of the article 
on p. 144 of our December issue was 
actually the P.M.G.’s visit to Dollis 
Hill; but Staffman did want to em- 
phasize that there are five major 
telephone manufacturers, and not four 
as his illustration might have seemed 
to suggest. He therefore drew attention 
to your absence from his photograph. 
We are sorry that this compliment 
has been misunderstood, and hope 
that no other reader has received a 
similar wrong impression.—EDITOR 


J. H. MITCHELI 


Blinding with science 


SIR: I would like to take issue with 
‘Scryer’ author of ‘Quo Vadis’ in 
your November issue. 

As an engineer in a large research 
establishment I am fully aware of, 
and sympathetic to the nation’s need 
of and dependence upon scientists 
and technologists. 

I fail completely to understand, 
however, how anyone can suggest 
that not only can a man keep abreast 
of scientific developments — and not 
on a specialized subject at that—at 
the same time as he receives training 
in “the art of government ”. 

Apart from the question as to who 
is going to give the training, is 
‘Scryer’ not aware of the incipient 


danger of ‘blinding with science’ ? 
Does he not realise that, essentially, 
politics is a humanitarian and not a 
technological study? It is true, as he 
says, that road research is lacking, 
but is the implication, that tremen- 
dous mobility is of such paramount 
importance in this tiny island, really 
justified. 

The impartial advice, verifiable in 
other quarters, of the best brains in 
the country is available to any poli- 
tician, and they are well aware of it. 
To my mind this facility is made 
good use of, and I suggest this is a 
very desirable state of affairs. What 
for example would be the outcome 
of a difference of opinion between a 
scientist and his M.P. counterpart? 
An undesirable clash indeed. It may 
be that my opinion is coloured by the 
perpetual preference for and accent 
on scientific studies rather than hu- 
manistic studies to which one is sub- 
jected these days, in a world whose 
crying need is for the latter every bit 
as much as the former. 

This being so, need I apologise for 
it? 


Banbury, Oxon. D. J. GROSSE 


PUBLISHER’S COLUMN 


Our move 





For seven years a once-elegant 
18th-century town house in that 
ill-defined border country be- 
tween Bloomsbury and Soho 
has been the home of Rowse 
Muir Publications. Here, in early 
1956, was conceived and pro- 
duced NUCLEAR POWER, 
and immediately pressure on 
space began to increase notice- 
ably. By the time CONTROL 
started in July 1958 things were 
becoming frankly impossible, 
and some of our departments 
were moved out from Percy 
Street to various small offices 
in the surrounding streets. 

With a_ third magazine— 
MACHINE AGE— in the offing, 
a further, more radical, move 
became necessary, and now this 
is all but accomplished. For 
the last six months a new build- 
ing has been rising in Charlotte 
Street, W.1 (numbers 77-79) and 
this is the new Rowse Muir 
headquarters, Only a few hun- 
dred yards from the Percy Street 
address, the Rowse Muir Build- 
ing will once again bring all 
the staff under one roof and 
provide space, not only for our 
immediate requirements, but 
also for expansion. By the time 
this appears in print some of 
us will be working there. 
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MAXAM quality and precision 


222 hydraulic presses at the Luton works of Vauxhall Motors 
Limited produce the immense variety of steel sheet pressings 
essential to modern car production. All cut sheet is fed to the 
presses by MAXAM powered loading units, pre-bent where 
necessary by MAXAM powered equipment, transferred from 
press to press and inverted or turned, if necessary, between 
operations by MAXAM powered “‘ mechanical hands”. The 
work pieces are finally unloaded by MAXAM powered units. 


Every set-up is flexible, in that the MAXAM powered units 
can be wheeled into new positions. connected up to the power 
supply, and brought into immediate use in a new sequence of 
press operations. Even the side-lancing punches and the 
ejectors built into the press dies are powered by MAXAM 
cylinders. 


Vauxhall Motors Limited have specified MAXAM Fluid 
Power Equipment on mechanical handling throughout their 
press lines, because MAXAM detail design, material quality. 
and precision workmanship guarantee reliability and a long 
working life. 


MA4 REGISTERED TRADE MARK 
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More and more constructors of flow production 
machinery are designing their assemblies with 
MAXAM Fluid Power in mind! 


If you are a Chief Draughtsman, Works Manager, 

Production Head or other person seriously inter- 

ested in safely increasing productivity, please send 
for our literature covering standard valves, cylinders, rams, and 
other hydraulic/pneumatic equipment in a wide range of sizes 
and types. The jaw-type extractors shown in the press 
shop illustration are pneumatically operated. ‘* Mechanical 
hands” manufactured by J. Simpson & Son (Engineers) Ltd. 
Luton, Beds. 


MAXAM POWER LIMITED 


Distributed by: 


Holman Bros. Limited, Camborne, England; Camborne 2275 
and at 44 Brook Street, London W.1; Hyde Park 9444 

Also in Birmingham - Cardiff - Glasgow « Peterborough ” 
Sheffield. Australia + Canada - East Africa « France V 
India - South Africa - Spain - U.S.A, - West Africa. 
With Agents and Representatives throughout the world. 


THe 


Fluid Power Equipment 
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Ferranti-Director J. N. Toothill, General Manager of 
Ferranti, Edinburgh, has strong things to say about 


the economics of new products . 


THE DEVELOPMENT LARK ie 


Engineering development is fascinating for those 
doing it, but hair-raising for those who provide 
the money. An engineering friend of mine, now the 
head of a large United States company, summed 
up the situation when he said, ‘ Once upon a time 
I thought all you had to do was to design a first- 
class new product. Then I found out you had to 
sell it—darn it! Now I find that you have also got 
to make a profit.’ 


Theoretically, it should be possible to plan a 
development programme within the financial com- 
pass of a company. According to the laws of 
economics, the demand for the new products 
should be greater than the supply, so that good 
profits may finance technical advance. I only wish 
this were true, for technology advances so rapidly 
that there are always new things waiting to be 
designed. To recoup the cost of development, a 
sufficient interval of selling-time must be allowed 
by the company, otherwise the next stage of de- 
velopment will catch up with them in mid-flight. 
There is the further danger that if the brakes are 
applied too hard, the best of the designers will 
leave. So, in effect, management has a tiger by 
the tail and must exercise extreme caution. 


This position becomes bearable, if the demand 
for such products is buoyant throughout their 
life: soundly-based products, at least, should show 
about 20% return on their average capital value 
during their life. 


These problems are not isolated, but are to be 
found throughout those companies in fields where 
advanced technical development is possible, and 
is one of the reasons why the profit levels in these 
companies are low. It is fashionable nowadays 
to praise companies making significant advances 
and to decry those, such as machine tool manu- 
facturers, that fail to do so. On the other hand, 
that industry found that, when it led rather than 
followed, it was not rewarded financially. 

Before the last war, the bulk of our export 
trade was with the Commonwealth countries. As 
they have gained their independence they have 
endeavoured to provide themselves with an in- 
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A monthly article by a promin- 
ent man in the control industry 
on a subject chosen by himself 


INDUSTRY'S VIEWPOINT 











dustrial base. They begin by making the more 
simple articles, often starting by assembling com- 
ponents made in this country, and gradually ad- 
vance their own techniques until they manufacture 
quite complex articles themselves. India, for in- 
stance, started with cotton textiles and now manu- 
factures much of its own telephone equipment and 
electricity meters, assembles motor cars, has built 
training-aircraft and is now going in for large-scale 
steel manufacture. This is inevitable and it means 
that we have to replace these products by the 
more advanced ones which can be sold to indus- 
trial societies. Unfortunately, this can only be 
done by a few of the companies in this country, 
and it is not easy to see what the mechanism 
should be to provide them with the relatively 
large sums of money required for further develop- 
ment in the years to come. 

Two countries that are advanced in technologi- 
cal development are the U.S.A. and the U.S.S.R., 
and in both cases considerable financial assistance 
is given by the State. In the United States, vast 
sums of public money are paid out to private 
firms to develop military equipment. The range of 
this is so great (for example, data links, computer 
networks, supersonic aircraft, machine-tool con- 
trol for aircraft manufacture, etc.) that it provides 
a large and varied market for new products. It is 
essential, unless we want to become a technologi- 
cal colony of one of these two countries, that we 
find some way of providing a more buoyant mar- 
ket for advanced designs. 

I feel that one of the first tasks of the Minister 
for Science should be this: to make the market 
for new technological products far more buoyant 
than it is at the moment. It could be done by 
buying certain products and staging field trials on 
the necessary scale, in order to provide additional 
information to iron out service difficulties, and to 
demonstrate, to companies that do not like taking 
risks, the economic advantages of new products. 
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One of the delegates reviews the papers 
and discussion, and concludes that the 
selection should have been tighter 


|. Mech. E. symposium 
on automatic control 


AUTOMATIC CONTROL AND ITS PLACE IN MECHANICAL 
engineering development is a subject which, at the 
moment, is being taught to the new generation of engin- 
eers and is widely understood and appreciated through 
the vast number of text books on the subject. Previous 
conferences in Britain, such as the Conference on 
Automatic Control organized by the D.S.I.R. at Cran- 
field in 1951, and the Conference on Hydraulic Servo- 
mechanisms organized by the Institute of Mechanical 
Engineers in 1953, served the purpose of introducing 
the subject to the practising engineer, and the intention 
of the present conference* was to further this object by 
presenting a progress report on the development of new 
ideas and providing a forum for discussion on the state 
of the art. Whether the objects have been achieved 
will only become established in the fulness of time, but 
my impression was that, with some notable exceptions, 
the standard of the papers did not rise to a level worthy 
of an enthusiastic organizing committee, and the con- 
ference was rescued from mediocrity by an always 
controversial and on occasions animated discussion. 


Clayton lecture disappointing 

The conference was opened with the James Clayton 
lecturet, the purpose of which was to trace the develop- 
ment of automatic control, outlining its methods and 
basic disciplines, and to indicate the direction in which 
engineering education should proceed in order to pro- 
duce the responsible leadership that the problems of the 
future will require, as they are projected from present 
development. This presented an opportunity to set the 
conference off to a flying start, and sketch both past 
and future from the basis of a maturity achieved over 
thirty years of development. The opportunity was un- 
fortunately missed by over-elaboration of concepts 
which deserved but slight mention, and whilst the 
paper would have been a worthy and worth-while intro- 
duction to a similar conference given ten years ago, the 
widespread acceptance and knowledge existing in mech- 
anical and control engineering of the basic principles 
* Symposium on Recent Mechanical cae Developments, Institution of 


Mechanical Engineers, 5-7 January. 1 , 
t ‘On Automatic Control * by John A. Hrones 
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by J. Je FOODY, M.sc. 
Short Bros. & Harland Ltd. 


makes such a presentation now appear ponderous to the 
established engineer—and no doubt obvious to the more 
recent graduate to whom such basic concepts have 
become second nature. An excellent opportunity of 
sketching the broadening of the control engineer’s 
horizons, and the possibility of applying the concepts 
he has developed to the less defined but probably now 
more pressing problems of stock control, factory con- 
trol and production control, was missed. Some confer- 
ence in the not very distant future will marry the 
experience of the control engineer to the pressing neces- 
sity for control felt by the production engineer and 
manager, and will thus herald the new and fruitful era 
opened up by the application of computers, both 
analogue and digital, to the fast-expanding control field. 
The control engineer who has cut his teeth on prob- 
lems in the mechanical engineering field now holds 
something of a monopoly of relevant knowledge, and 
has a contribution to make which will take the O. and 
M. specialist some considerable time even to appreciate. 

These points were touched on by various speakers 
during the discussion, but whilst most felt that the con- 
trol engineer has a contribution to make outside the 
field of mechanical engineering, the vagueness of a yet 
unstated application confused the issue and made it 
appear that the link between the control specialist and 
the production manager — also usually a mechanical 
engineer—has not yet been forged. Such criticisms are, 
of course, easy to make and are usually a function of 
personal experience, but it was felt that the introductory 
lecture fell short of what was required, and only 
assumed the station that was required of it when discuss- 
ing the future needs in engineering education. Here Dr. 
Hrones showed an insight based on considerable experi- 
ence, and advocated the organization at graduate level 
of an engineering design centre vitally steeped in design 
problems of the day, and, if possible, making an out- 
standing contribution to the state of the control art. 
Thus the student will be stimulated by faculty members 
who are engaged on actual design work, and will be 
impressed by the ever broadening scope for his en- 
deavour, and by the necessity for him to overstep the 
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conventional divisions and boundaries of the profession 
presently described as engineering. 


Three sessions, and private contact 


Coming on to the conference proper, there were 
three technical sessions, the first entitled ‘ Techniques 
and Components’, the second ‘Systems and Applica- 
tions’, and the third ‘ General Session’. This last was 
designed to accommodate papers which could not easily 
find a place in either of the other sessions. Five or 
six papers were presented at each session, copies being 
available before the lecture so that the lecturers merely 
gave a summary of the contents of their papers. One 
lecturer followed the other to the rostrum, and the dis- 
cussion on all papers took place at the end of the 
session. This proved a very satisfactory arrangement, 
and both lecturers and discussers co-operated with the 
Chairmen in confining their remarks to essentials. In 
spite of this, the feeling was ever present that discussion 
could profitably have been continued, and it was left 
to private contact to pursue many of the interesting 
points which arose. 


Techniques and components 


The session on techniques and components was 
opened by an interesting paper from the Cambridge 
University Engineering Department, describing first a 
fundamental investigation of two-dimensional flow 
through a slide-valve type of constriction, and 
secondly an investigation of the flow through a two- 
dimensional valve model. Both were aimed at pro- 
viding some further knowledge on the characteristics 
of flow through piston-type valves and are there- 
fore very relevant in the design-of high-performance 
hydraulic servo-mechanisms, although the Reynolds 
number of the tests appeared to be significantly dif- 
ferent from what might occur in practice. The im- 
portance of the laminar separation bubbles just down- 
stream of obtuse-angled corners, the initiation of cavi- 
tation in the shear layer which forms the boundary of 
such a bubble, and the separation of re-attached flow 
owing to adverse pressure gradients, was brought out. 
It is obvious from this work that flow characteristics 
in valves may depend greatly on quite small changes 
in geometry, and the presence of an upstream or down- 
stream boundary wall may cause quite significant 
changes in the separation characteristics. The conclusion 
was drawn, however, that the reaction effect of primary 
importance to the servo-system designer could not be 
predicted with accuracy, but could only be tied down 
within an upper and a lower limit. It was interesting to 
observe that valve reaction forces could usually be re- 
duced by thickening the valve stem, and perhaps this 
may encourage designers to increase the size of their 
units. They would thus relieve what is becoming a major 
problem — machining valves to almost impracticably 
small tolerances. 

The second paper, ‘ The Effect of Oil Momentum 
Forces on the Performance of Electro-hydraulic Servo- 
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mechanisms’, discussed servo-loop instability in the 
presence of steady-state oil momentum forces acting on 
the valve. An analysis supported by experimental work 
had shown that the effect of oil momentum forces 
is that of a feedback loop which reduces the damping 
at the servo. The gain of the servo is also reduced. 
Analytical expressions were quoted for design purposes. 
This paper was followed by an American contribution 
of doubtful significance, ‘ Resistance Characteristics of 
Control Valve Orifices’, and gave the impression of 
being a review done long before the time when a review 
was Called for. 

The latter part of the first session concentrated on 
components, the first talk was ‘The Design of an 
Electro-hydraulic Servo Actuator with Integral Mech- 


TECHNIQUES AND COMPONENTS 
‘Flow Characteristics of Piston-type 
Valves’ by G. D. S. MacLellan, A. E. 
Mitchell and D. E. Turnbull 
‘Effect of Oil Momentum Forces on the 
Performance of Electro-hydraulic Servo- 
mechanisms’ by H. Williams (Hendon 
Technical College) 

‘Resistance Characteristics of Control- 
valve Orifices’ by J. L. Shearer (Massachu- 
setts Institute of Technology) 
‘Design of Electro-hydraulic Servo-actua- 
tor with Integral Mechanical Position 
Feedback’ by K. D. Garnjost (Moog Servo 
Controls Inc.) 
* Development of Gas-operated Reaction-jet 
Servo-motor’ by R. Scher (Massachusetts 
Institute of Technology) 

‘Control of Inertia Loads by Hydraulic 
Servo-systems through Elastic Structures’ 
by C. B. Sung and S. F. Watanabe (Bendix 


Aviation Corporation) 
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anical Position Feedback’. One interesting feature was 
that auxiliary load pressure feedback was used to pro- 
vide damping on a highly resonant load, and the 
lecturer made the rather interesting remark that he 
generally uses computer-type block diagrams to help his 
physical appreciation of a system. This paper was parti- 
cularly well presented, and it was felt that anyone who 
was prepared to demonstrate the feasibility of replacing 
electrical feedback in an electro-hydraulic servo-actua- 
tor with mechanical feedback was assured of a kindly 
hearing. 

A lecture entitled ‘Development of Gas-operated 
Reaction-jet Servomotor’ provided an interesting alter- 
native to the more conventional hydrostatic servo-motor, 
and many of the advantages were outlined. The claim 
of 15h.p./Ib of motor, not excluding the reduction 
gear, would appear to make this type of servo an inter- 
esting proposition, but very significant gearing reduction 
will generally be necessary. The last paper of the 
session, again by an American engineer, was ‘ Control 
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of Inertia Loads by Hydraulic Servo Systems through 
Elastic Structures’, particular examples being the ma- 
chine-tool and the motor-car-steering problem. A 
reasonably detailed analysis was included, with adequate 
mathematical description, and the lecturer expressed 
the interesting opinion that for many applications the 
much-vaunted systems approach was going too far, and 
it was generally possible to fit a servo successfully to 
an existing system. Perhaps this is true in many cases. 
What is being said is, in servo language, that if the 
overall system is such thai there are few cross-couplings, 
then a unit approach rather than a systems approach 
will in all probability work—and, of course, save quite 
a considerable amount of computing time and effort. 


Highlight of the conference 

The papers presented in the second session are quo- 
ted, and they are not, with the exception of the paper 
by Eynon, worthy of separate consideration. The paper 


SYSTEMS AND APPLICATIONS | 
’ Gas-turbine Driven Alternators, their Con- 
trol and Protection’ by T. J. Davies and 
T. S. Law (R.A.E.) 

‘ Developments in High-performance Elec- 
tromechanical Mechanisms at the Royal 
Aircraft Establishment’ Farnborough, by 
G. Eynon (R.A.E.) 

‘Developments in Two-dimensional Elec- 
tro-hydraulic Copying Systems’ by F. A. 
Summerlin and F. R. Towner (Sperry 
Gyroscope Co. Ltd.) 

“Some Automatic Control Arrangements 
Employing Mechanical-hydraulic Systems ’ 
by F. B. Levetus (Keelavite Ltd.) 
“Automation in the Automobile Industry— 
Production of the “ Dauphine”’ by P. E. 
Bezier (Renault) 

‘Automatic Control in the High-speed 
Manufacture of Food Cans’ by A. L. 
Stuchbery (Metal Box Co. Ltd.) 


by Eynon, * Development in High Performance Electro- 
mechanical Mechanisms at the Royal Aircraft Estab- 
lishment’, was probably the highlight of the conference, 
and will go down as one of the really important reviews 
in the field of hydraulic servo-mechanisms. The paper 
presented in general terms some of the work carried 
out at R.A.E. and showed that a single-stage hydraulic 
servo-mechanism can be used over a wide range of 
powers provided proper attention is given to system 
pressure, hydraulic fluid and the reaction forces on the 
servo-valve. Attention was also focused on the neces- 
sity to match carefully the characteristics of the hy- 
draulic valve with those of the torque motor, and it was 
pointed out that valve stiction forces can be reduced 
to reasonable levels without imposing dither. Finally, 
the importance of valve manufacture to consistent stan- 
dards of accuracy was stressed. The subsequent discus- 
sion paid well-merited tribute to the work of Eynon 
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and his associates at the R.A.E., and the general trend 
running through it was that the accuracies of manu- 
facture that are being called for by hydraulic designers 
can only be achieved at a reasonable cost if a large 
number of components is required. The alternative, 
however, is to increase the size of units and hence relax 
the tolerances, and this may well be the answer where 
small numbers are involved. 


General papers 

The final session was devoted to general papers, and 
ranged over a varied selection of topics, from the 
human operator to the control specialist. Two of the 
papers concerned themselves with the anti-aircraft gun- 
nery problem, one describing a gun control system and 
the other a mechanical analogue computer used for gun 
control, the principles of which could be applied to 
other industrial tasks. It is worth noting that this ana- 
logue computer is used for addition, multiplication, and 
other arithmetical operations, but does not cater for 
differentiation or integration, and with this limitation a 
sound case is made for mechanical rather than elec- 
trical or electronic computing. The paper, ‘A Recent 
Naval Anti-aircraft Gun Control System’, described a 
complete control system for pointing a gun continuously 
in a direction to shoot down an attacking aircraft. A 
human operator carried on the rotating structure initi- 
ally tracks the target, and by so doing brings into action 
automatic aids which reduce his duties to that of 
watching for any tactical change in the performance of 
the attacker. The presentation, however, did nothing to 
enhance the value of the paper, and was the one occa- 
sion throughout the conference when the Chairman 
found it necessary to stop a lecturer. 

A paper on the human operator’s time-varying trans- 
fer characteristics focused attention on the fact that 
many control systems still depend on human intervention, 
and the servo problems thus introduced are much more 
severe than those normally met with in mechanical 


GENERAL PAPERS 
‘A Recent Naval Anti-aircraft Gun Con- 
trol System’ by K. H. Nicholls (Admiralty 
Surface Weapons Establishment) and John 
Tindale (Elliott Brothers Ltd.) 
‘Human Operator's Transfer Character- 
istics in the Study of Perception and 
Fatigue’ by T. B. Sheridan (Massachusetts 
Institute of Technology) 
‘A recent Design of Mechanical Analogue 
Computer’ by M. G. Smith (Elliott 
Brothers Ltd.) 
‘Analogue Technique and the Non-linear 
Jack Servo-mechanism’ by S. G. Glaze 
(H. M. Hobson Ltd.) 
‘The Role of the Control Specialist in 
Industry’ by O. N. Lawrence and R. D. 
Powell (Joseph Lucas (Gas Turbine Equip- 
ment) Ltd.) 


CONTROL February 1960 


owe A AEN ORR, 


en ore 


eR ears oS 















end 
nu- 
1eTs 
irge 
ive, 
lax 
ere 


and 
the 
the 
un- 
and 
gun 
| to 
ina- 
and 
for 
ma 
lec- 
Sent 
da 
usly 


niti- 
tion 

of 
e of 
gz to 


nan 


ans- 
that 
ion, 
10re 
ical 


960 





oe 


sents 7 


: 





engineering. Little organized effort has been made to 
obtain a transfer function for the human operator over 
the past ten years, and this paper dealt with a very 
narrow aspect of the whole problem. A major break- 
through in the field of human operator response has 
still to come, and until this takes place the cautious 
designer will find himself faced with a simulator of 
each particular task, with the corresponding expense of 
environmental representation. 


Most controversial lecture 

An analytical study of a non-linear jack servo-mech- 
anism, showing nothing new in technique and little new 
in conclusions, led to the last—and aptly most contro- 
versial—lecture of the conference, ‘The Role of the 
Control Specialist in Industry ’ by Lawrence and Powell. 
This paper developed the idea of a control specialist 
as a ‘service’ to his particular organization, and, as a 
corollary to this, as a consultant to smaller organiza- 
tions which cannot afford the luxury of a specialist. It 
tended, however, to confuse the advantages of doing a 
system analysis with the advantages or otherwise of 
having a control specialist, and the discussion showed 
a large body of opinion that specialization was not the 
correct approach, and that it was well within the com- 
pass of one man to know the servo-mechanism field. 
Any opinions expressed on such a controversial subject 
must necessarily be a function of personal experience, 


and my opinion is that the concept of a control special- 
ist is a good one if he is fully in touch with all aspects 
of the design and has on many occasions imitiated it. If, 
however, he is looked upon as a consultant to be called 
in when someone else appreciates the need for his 
services, then he is not making the contribution which 
he might. It is, therefore, largely a question of personal 
aptitude, and this probably explains why the old- 
established design team, where the relative responsibili- 
ties of the various people involved has settled out, will 
generally, produce a system much superior to that 
brought out by a new team where responsibility is 
difficult to define, and where the sharp edges of per- 
sonal ambition and animosity play havoc with the 
best-laid plans. 


Rounding off 

In conjunction with the conference a small exhibition 
of components was arranged at the Institution, and 
visits to various industrial establishments in London 
helped to round off a conference which I felt was inter- 
esting but not memorable. The standard of papers, with 
some notable exceptions, left something to be desired, 
and the total impression gained was that fewer and 
more tightly selected papers might well have given a 
more firm impression of the present state of the art, and 
of what can be expected in the automatic control field 
in the foreseeable future. 


In the review above, Eynon’s paper is called the high- 
light of the conference. Below is a short abstract 


The general requirements for a servo-system in a 
rocket test vehicle are low weight, reliability and 
reasonable linearity. Because of the transitory life of 
such a system, costs must be kept low. Hydraulic-servo 
mechanisms are normally used, but pneumatic systems 
are preferred at the lowest powers. 


Principal difficulties in the manufacture of electro- 
hydraulic servo-mechanisms lie in the manufacture of 
the torque motor and the servo-valves. There is no 
short cut to successful manufacture of servo-valves, 
and the skill of the operator plays a very great part. 
It is essential that during development the designer and 
the development engineer be able to obtain accurate- 
enough components to separate variation in perform- 
ance due to design from that due to production. 


Servo performance can normally be improved by 
auxiliary feedbacks and shaping circuits of various 
kinds, but these complicate the system and reduce its 
reliability. They are unnecessary in many cases, pro- 
vided that enough attention is paid to valve design. A 
simple electro-hydraulic single-stage servo-system with a 
single feedback path can respond sufficiently well for 
many purposes if the servo-valve characteristics are 
matched with those of the load and the relay. 


Although hydraulic transmission will be lighter for 
systems of ten hydraulic h.p. or more, at lower powers 
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considerable weight can be saved by using the energy 
of a compressed gas to drive an actuator directly. 
Hitherto pneumatic servo-systems have been used for 
powers of less than 1 h.p., and the low pressures (100 to 
500 Ib/in*) have required actuators comparing unfavour- 
ably in size and weight with their hydraulic counter- 
parts. But hydraulic actuators need accumulators, tanks, 
pumps and ancillary equipment, and for powers below 
10 h.p. these items make up the biggest part of the size 
and weight of the system. On the other hand, gas actu- 
ators, because of the compressibility of the working 
fluid, demand a much higher torque for a given duty 
than hydraulic actuators. A gas actuator should be able 
to provide at least four times more torque than a hy- 
provide at least four times more torque than a hy- 
draulic actuator for similar stability, and in any case 
this is only achieved with additional networks. Hot gas 
to drive actuators has theoretical advantages, but poses 
appreciable mechanical problems for stability. Hot-gas 
servo-systems have been run at the R.A.E. for periods 
suitable to guided weapons applications. Similar tech- 
niques may be adopted in many industries for plant or 
process control where high-pressure steam or gas is 
readily available, or where it may be difficult or undesir- 
able to use hydraulics or powerful electrical equipment. 
For powers of up to Sh.p., at least, pneumatic servos 
might better be used than hydraulic servos. 
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What one visitor found most 


interesting at last month's show 


Control 


A STRIKING FEATURE OF THE PHYSICAL SOCIETY'S EXHI- 
bition* for this year, as viewed by the specialist in servo- 
mechanisms and control work, was the absence of any 
demonstration of recent developments in system design. 
On the other hand, system components and aids to 
system design were widely represented. Electronic ap- 
paratus for computing, handling information, display- 
ing information, counting, etc., was on show in abun- 
dance, and a wide variety of transducers-and actuators 
could be seen. There were very few exhibits connected 
with inspection of product quality, but this probably 
reflects the great difficulties of this part of automation 
technology and underlines the need to pursue it ener- 
getically. 

One does not expect to see industrial processes which 
have been rendered automatic exhibited as examples of 
automation by the Physical Society, but one might 
expect it to show recent developments and ideas in the 
fundamentals of system design. Digital servo-mechan- 
isms, simple self-optimizing systems, and peak seeking 
systems subject to random parameter changes, have all 
been constructed in the laboratory and made to give 
convincing demonstrations; an impressive example of 
the way in which non-linear filters can reduce the effects 
of noise in certain circumstances has also been construc- 
ted. Topics of this sort could form the basis of huge 
advances in industrial automation, and consideration of 
the difficulties in applying them would provide useful 
avenues of research and develonment. 

It is not possible, in a review of this sort, to con- 
sider every exhibit from the point of view of the control 
specialist. An enormous number of items was displayed, 
and by the nature of his work there are very few things 
in physics that are not, or will not be, of interest to 
him. We shall restrict ourselves to some of the items 
which are of direct interest in control work, and which 
indicate trends or advances in control] and automation. 


Control systems 
As mentioned above, there were no exhibits demon- 
strating recent advances or ideas in the fundamental 


*Previewed in last month's CONTROL—Editor 
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at the Physical Society’s Exhibition 


hy M. H. BUTTERFIELD, sB.a. (oxon.) 


British Iron and Steel Research Association 


science of system design, but there were a few examples 
of programmed systems. 

The Atomic Weapons Research Establishment of the 
U.K.A.E.A. exhibited an automatically controlled 
model railway. In this a locomotive shunted four trucks 
into sidings. The manoeuvre was carried out as a pro- 
grammed sequence of simple operations involving point 
changes and engine movement, forwards or backwards. 
The instructions for the successive operations were 
stored digitally on magnetic tape. The end of each 
operation was sensed by a switch moved by the process; 
for example, on the line were placed switches which 
triggered when the engine ran over them, indicating 
that it had travelled far enough for that operation; the 
supply to the engine was then cut off and the tape 
moved on to the next instruction. 

On the same tape there was another programme for 
controlling a model furnace. System parameters were 
monitored and printed out on a teleprinter, together 
with the time at which the readings were taken. The 
furnace current was controlled by the readings, so that 
there was an element of feedback in the control apart 
from the checking and sequencing circuits. 

Also on view were a number of programmed appara- 
tuses for titration, distillation, etc. For example, J. W. 
Towers and Co. Ltd. showed their automatic standard 
distillation apparatus which is now used all over Eu- 
rope, Canada, and in Iraq, and also showed their micro- 
scale counter-current apparatus which provides auto- 
matic operation of up to 180 transfers. 

Servomex Controls Ltd. showed a range of servo- 
system apparatus intended for demonstrations and for 
use by students. With their basic system, effects of 
gain, damping, etc., may be observed directly. Also in 
their range are a servo analogue for demonstration 
alongside the servo-system, another analogue illustrat- 
ing the principles of root locus analysis, a square wave 
generator for studying transient responses, and a signal 
generator. 

Eucrates II, a larger version of the teaching machine 
and pupil simulator shown last year by the Solartron 
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Electronics Group Ltd., and now in production, was 
on view. This device, for training punched-card opera- 
tors, presents a series of exercises to the pupil. The 
difficulty and speed of each exercise presented depends 
on the pupil’s performance in the previous exercise. 
Unfortunately, this device was not demonstrated. 


Electronic apparatus 

Throughout the exhibition, electronics formed the 
basis of a large proportion of the exhibits. Many of the 
apparatuses shown were transistorized versions of pre- 
vious models; no thermionic valves were left open to 
view! There was a definite accent on digital display 
among the more recent developments. 

Most of the principal manufacturers of electronic 
apparatus showed digital display tubes. Ericsson Tele- 
phones Ltd. exhibited their prototype trochotron beam 
switching tubes. Of these the VS10H is a 2-Mc/s tube 
having target (output) currents of 18 mA. This is suffi- 
cient to operate a relay. They also showed their Deka- 
tron GS10G, a 10-kc/s tube specially designed for use 
in reversible counting circuits. 

Some of the analogue computer components by 
E.M.I. Electronics Ltd., the Solartron Electronics 
Group Ltd. and Elliott Brothers (London) Ltd. were on 
show. An interesting recent development in analogue 
computing is the Hall-effect multiplier. A semicon- 
ducting plate is mounted in the gap of a ferrite pot core 
assembly, and a magnetic field is created in the gap by 
a current in a winding on this core. Current signals 
supplied to this winding and to the semi-conducting 
plate give rise to an output Hall voltage which is pro- 
portional to the product of these currents. The band- 
width of this type of multiplier is limited only by the 
magnetic circuit. Hence high-frequency carriers are 
easily modulated by applying the carrier to the plate 
and the modulating signal to the coil. In this case the 
output product is the modulated wave-form. Band 
widths of 40 kc/s on the magnetic circuit are attain- 
able with Hall multipliers. Demonstrations of Hall mul- 
tipliers were given by the Metropolitan Vickers Group 
of Associated Electrical Industries Ltd. and also by the 
Plessey Co. Ltd. G. V. Planer Ltd. showed a range of 
Hall plates on their stand. 

An interesting component development lies in the 
miniature continuous-oxide-film potentiometers dis- 
played by G. V. Planer Ltd. The photographic method 
of production, and the resulting film uniformity, allow 
better linearity than in conventional wire-wound mini- 
ature resistors. The potentiometers have infinite resolu- 
tion and are useful with pick-off devices. A departure 
from normal analogue simulation is provided by the 
experimental digital differential analyser demonstrated 
by Metropolitan Vickers Group of A.E.I. Ltd. This 
machine is designed to perform the functions of an 
electronic analogue computer, and, to the operator, does 
not appear very different. All the computations are, 
however, performed digitally. One advantage this gives 
over the analogue machine is that it can integrate with 


CONTROL February 1960 





respect to variables other than real time. This greatly 
increases the scope of the machine and simplifies cer- 
tain types of non-linear problems. The clock frequency 
is 2 Mc/s and it is intended to work almost as fast as 
the conventional analogue machines. It can simulate a 
filter with a time constant of 1/100s and signals within 
its pass band, in real time. 

A recent development in cathode ray tubes makes it 
possible for a transient response once shown on the screen 
to be stored for a long period and viewed subsequently. 
In a model shown by Cawkell Research and Electronics 
Ltd., called the Remscope, the tube (English Electric 
E702) can give writing speed of at least 2cm/ps with 
storage times of the order of a week. The trace may be 
displayed for a total period of two hours during the 
week; the display time may be taken in its entirety or 
piecemeal. In the model shown by the Solartron Elec- 
tronic Group Ltd., which uses a tube called the Memo- 
tron, the trace may be stored for a similar period 
without deterioration, and erased in a fraction of a 
second. The two principal uses of this type of tube are 
the examination of transient phenomena and the pro- 
duction of families of curves without necessity for re- 
petitive operation. The horizontal deflexion channel has 
a band-width of 1 Mc/s and a maximum sensitivity of 
100 mV/cm. 


Inspection apparatus 

Inspection of product quality is exceedingly difficult, 
and, as remarked above, may be the reason why so few 
exhibits were concerned with it. A complete answer 
to many inspection problems involves some form of 
character recognition, which is a topic on which very 
little useful progress has been made. Many attempts to 
make inspection automatic start, quite reasonably, by 
trying to match the judgments of the human inspectors 
who now perform the task. A scientific definition of 
inspection criteria and levels from these is always ex- 
tremely difficult, but they must be translated into criteria 
for the output signal from a detecting device. 

Fleming Radio (Developments) Ltd. exhibited a com- 
plete in-line inspection apparatus for impact extrusion 
slugs of the type used for toothpaste and similar tubes. 
This contains a very ingenious application of eddy- 
current techniques. After unscrambling, the slugs are 
fed to an inspection track at the rate of approximately 
200 per minute. The slugs pass three inspection points, 
a few inches apart; at any one of these a slug may be 
rejected and sent down the rejection shoot. The first 
inspection detects peripheral protrusions by placing a 
rotating cylinder, with its axis parallel to the motion of 
the slugs, above the track. As the slugs roll along the 
track they normally do not touch the cylinder, but, 
should any protrusion (down to at least 0-005 in.) touch 
the rotating cylinder, the slug falls off the track and 
down the rejection shoot. At the second inspection point 
the slugs roll underneath an eddy-current head, the 
length of which is at least equal to the slug circumfer- 
ence. This head operates with a 10-kc/s carrier, and 
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any defects in the peripheral surface of the slug, cor- 
responding to an incorrect distribution of material (e.g. 
widening or narrowing of the edge, pitting round the 
edge or reduction in slug diameter) produce out-of- 
balance signals in the head, and the slug is blown off 
the track by a jet of compressed air. At the third 
inspection point, unpierced and imperfectly pierced 
slugs are detected by a 100-kc/s eddy-current head in 
conjunction with a photo-electric gate. Alarm and inter- 
lock systems are incorporated; if any essential part of 
the apparatus fails, the hopper feeding it is shut down. 
An identical apparatus to the one exhibited is awaiting 
dispatch to the U.S.A. 

The British Thomson-Houston Group of A.E.I. Ltd. 
showed an experimental development of an interfer- 
ence method of assessing machined surfaces, which is 
already quite widely used. The technique is particularly 
suitable for inaccessible surfaces such as gear teeth. 
A transparent replica of the surface is formed by direct 
contact and placed in a Mach-Zehnder interferometer. 
The resulting fringe pattern forms a contour map of 
the surface and this is photographed. For a perfectly 
flat surface the lines in the photograph are straight. 
An electronic curve-follower employing a cathode ray 
tube forms analogue signals of the contours on the 
Y-plates; any deviation from a constant signal indicates 
an irregularity. Roughness values for the surface are 
measured on a peak or mean-reading a.c. voltmeter. 

Ultrasonoscope Co. (London) Ltd. demonstrated the 
latest addition to their range of ultrasonic flaw detecting 
apparatus, Mark 2. This introduces some refinements 
into the display but is basically the same as the Mark 
1B which it replaces. 


Transducers and actuators 

A new approach has been employed by the Solartron 
Electronic Group Ltd. in their absolute-pressure trans- 
ducer, type NT4-980. The transducing element is a 
thin-walled metal cylinder forming a high-Q mechanical 
resonant system. The vibration is maintained electro- 
magnetically by means of a driving coil and a pick- 
up coil within the cylinder, the system of coils and cyl- 
inder forming the feedback path for a miniature tran- 
sistor amplifier. When pressure is applied externally to 
the cylinder the effective stiffness of the system is re- 
duced. The frequency of vibration gives a measure of 
the applied pressure. The highest pressure-range is 
0-600 Ib/in? absolute; the output frequency is reduced 
20% at full rated pressure. Repeatability is better than 
0°05% of full rated output. 

The ultrasonic flow meter developed by the British 
Scientific Instrument Research Association for the 
National Research and Development Corporation was 
exhibited. It has been designed for industrial use and 
can be fitted to pipes of 14 in. to 12 in. diameter. 

The National Research and Development Corpora- 
tion showed a high-precision d.c. tachometer generator. 
The rotational speed of a conducting cylinder is de- 
termined from measurement of the quadrature field set 
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up as it passes through a static primary field. A har- 
monic flux detector, oriented at right-angles to the 
applied field, is supplied with a steady 50-kc/s signal 
and gives a 100-kc/s output which is fed into a phase- 
sensitive rectifier. The output from the rectifier is 
passed on to a d.c. amplifier and then fed to a field coil 
arranged to reduce the quadrature field. In this way the 
device operates under low quadrature-flux conditions 
and the flux detector output is linear, acting over a 
small range. This form of tachometer has no brushes 
and therefore presents a very small mechanical load. It 
can measure speeds down to 0:1 rev/min. 

The National Physical Laboratory displayed some of 
their work on moiré-fringe methods of position meas- 
urement and demonstrated the formation of the fringes 
by the interaction of two gratings inclined at a small 
angle. These techniques are being used in the laboratory 
to measure the errors of machine tools and to correct 
these errors by a feedback system. 

J. Langham Thompson Ltd. gave some details of a 
new technique for controlling d.c. power supplies. The 
d.c. control signal (less than 1 mW) controls a high 
sensitivity phase shifting circuit which, combined with 
the new controlled silicon rectifiers, produces a vari- 
able d.c. output rated at approximately 200 V, 20 A. 
This power supply is ideal for d.c. motors, ovens or 
other actuators. A wide range of standard and mini- 
ature servo-motors and torque motors were displayed 
by R. B. Pullin and Co. Ltd. and Elliott Brothers 
(London) Ltd. All of these are in regular production. 


Conclusions 


Items concerned with control and automation played 
a large part in the exhibition. Of these, recent develop- 
ments were seen mainly in electronics for computers, 
information handling and display. There was a distinct 
accent on digital electronic apparatus; many different 
makes of digital voltmeters and analogue-digital con- 
verters were demonstrated. 

Digits can be transmitted over considerable distances 
with virtually no risk of error and a digital display is 
easily assimilated by the human eye and mind. We can 
therefore expect considerable advances in automation 
of plant monitoring systems, and, with the further aid 
of digital computers, of production planning as a direct 
result of the type of exhibits shown. 

Bearing in mind the much greater cost of digital 
motors and transducers than of equivalent analogue 
devices, and the complexity of using digital signals for 
actuator control, it is not obvious, at present, just how 
or when they will be applied as part of the process 
control system themselves. 

The in-line inspection apparatus that was demonstra- 
ted was very encouraging, since it is one of the few 
devices in control work to be exported from here to 
the U.S.A. Automatic inspection of product quality is 
a very important step in applying automation, and 
should be tackled vigorously now in order to obtain 
results within this decade. 
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PART 2 





If mechanical linkages break, is there any 
emergency linkage as with the electric throttle? 


Electric controls on the Britannia 


by GEORGE M. STURROCK, sB.sc.(ENG.) 
Chief Development Engineer, Ultra Electric Ltd. 


In Part I last month we described the development 
of the electrical throttle, the philosophy of safety on 
which it was designed, and the basic positioner control. 
We then introduced the problem of the delay at the 
jet-pipe or turbine-entry thermocouple, and began a 
description of the form of temperature channel used to 
control accelerations. 

The signal obtained from B (Fig. 4) is d.c., and is an 
instantaneous measure of the existing difference or error 
between the required datum and the gas temperature. 
Block C is an amplifier and raises the power level of 
this signal to a useful operational level. A further deriv- 
ative, or rate-of-change, term is added to the error sig- 
nal by the circuitry in block C so that anticipatory 
action can be taken by the control. Finally the signal 
from C is rectified to render it unidirectional, and the 
output is then a measure of the excess of gas tempera- 
ture over datum. For gas temperatures below datum the 
output is zero. 

Fig. 5 shows the basic positioning system with 
this temperature control signal feeding into the ampli- 
fier E. It has been shown that the temperature signal 
is a measure of the temperature-excess over datum, and 
the sense in which it is fed to the amplifier E opposes 
positive (throttle-opening) position error signals. 

If the pilot’s throttle lever is opened and the position 
error is greater than 8°, then (as has been shown pre- 
viously) the limiter acts and the throttle motor opens 
the engine throttle at 20° per second. If the engine 
temperature rises and exceeds datum, the temperature 
signal opposes the position error signal and the throttle 
Opening speed is reduced. Should the temperature sig- 
nal reach 20°C, the position error signal is cancelled 
and the throttle stops opening, and for temperature 
signals above 20°C, the throttle will close. 

In general, the speed of throttle opening will be such 
that during the acceleration the temperature will be 
maintained between datum and 20°C above datum. 


Speed governor 

The speed governor is shown diagramatically in Fig. 
6, and its operation is relatively simple. Block A, con- 
taining a resistive circuit, and block B containing capa- 
city, are fed from an engine-driven tachometer. The 
current flowing in B is therefore dependent upon the 
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frequency and hence on engine speed, while the current 
in A is unaffected because the contained circuit is purely 
resistive. The difference between the two currents is 
thus a measure of engine speed. 

These currents are rectified and the resultant direct 
currents are fed into two identical input windings of 
a magnetic amplifier, but in opposition to one another. 
The input to the magnetic amplifier is therefore pro- 
portional to the difference between the current through 
A and the current through B. This difference is a zero 
at one particular frequency only, i.e. at one particular 
engine speed which is the governing datum speed. 
Below datum speed the A current predominates, while B 
current predominates if the speed is above datum. 
There is thus a reversal of resultant polarity on either 
side of datum. To alter the datum point it is only 
necessary to change the value of the resistance in the 
A circuit. 

The motor M is driven by the amplified differential 
current and rotates, for instance, clockwise when the 
speed is above datum and anticlockwise when the 
speed is below datum. The motor may drive either a 
small synchro or a potentiometer as shown in the 
diagram. In fact, in later models of the equipment a 
synchro is employed, but this does not affect the prin- 
ciple of operation. An a.c. reference voltage is applied 
across the potentiometer and varies from zero at one 
end to some value e at the other. If the speed governor 


Fig. 5 Positioning system with acceleration control added 
Pilot's control lever 


7 Engine throttle lever 
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Position error 
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is switched off, the amplifier is biased to drive the slider 
to the zero-signal end of the potentiometer. 

The signal from the potentiometer is fed to the input 
of a limiter in phase-opposition to the positive or 
throttle-opening position error signal. This is shown in 
Fig. 7, where the temperature input to the amplifier 
is omitted for clarity. As stated previously the position- 
ing system comes to rest when the total input to the 
amplifier is zero. With governing in circuit, a mis- 
alignment signal, equal to the governing signal from 
the potentiometer, causes the engine throttle to take 
up a position below the angular position of the pilot’s 
control lever up to a maximum of 20°. 

A governor trim indicator unit is supplied to show 
the pilot the position of the governor potentiometer 
wiper; for if he switches in governing, he must adjust 
his control lever until the potentiometer wiper is ap- 
proximately in the centre of its track. The governor is 
then left with the maximum range of control to deal 
with all the conditions which upset the speed of an un- 
governed engine. 


Steady-state temperature control 

The temperature acceleration channel is not in itself 
sufficiently sensitive for the accurate control of the en- 
gine under steady running conditions. It was seen that 
a temperature of about 20°C above datum was equi- 
valent to a position error of 8° angle. This means that 
the control has a high rate which, although necessary 
for operation during acceleration, is inadequate for the 
high accuracy required for steady-state control. 

To achieve control within +5°C of the datum, a 
secondary temperature channel is employed for the 
steady state. This is almost identical with the speed- 
governor channel. The temperature error signal is am- 
plified and drives a small integrating motor which 
adjusts the signal from a potentiometer, this signal being 
fed into the positioning system in exactly the same way 
as the governing signal. 

If the temperature exceeds the datum value, the 
steady-state channel will therefore ‘wind’ back the 
engine throttle until datum temperature is attained. Its 
action automatically overrides the speed governor if this 
is in use. The steady-state channel is slow. It is essen- 
tially a trim control; any requirements for rapid action 
being taken over by the acceleration channel. 

Fig. 8 is a general schematic plan of the system com- 
bining all the functions already discussed. Recapitulat- 
ing the action of the control in a few words: 

1. The basic system, illustrated in full lines, is the re- 
mote throttle-positioner. This automatically aligns the 
engine throttle valve with the pilot’s control lever. 


Fig. 6 Speed-governing channel 
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Fig. 7 Positioning system with governing 


2. The temperature acceleration control governs the 
speed at which the engine throttle is allowed to follow 
the movements of the pilot’s control lever. 

3. If the speed governor is selected, it may inject a sig- 
nal to close the engine throttle by up to 20° angle. 

4. The steady-state temperature control acts likewise, 
but may close the engine throttle by up to 30° angle. 
5. Whichever quantity, speed or temperature, is in ex- 
cess of its respective datum, takes overriding control. 


Emergency-override system 

Fig. 9 illustrates the emergency system in block 
form. It comprises a two-way switch, sprung to the 
central ‘ off’ position by means of which the pilot may 
inch the engine throttle by way of the d.c. actuator 
motor and its associated gear train. 

Apart from the mounting of the actuator motor and 
its gear train in the same throttle motor housing as the 
normal motor, the emergency system is completely sep- 
arate from the normal system. Separate plugs are used 
and separate cable runs, so that, for instance, a badly 
assembled plug connexion cannot affect both systems. 
Whereas the normal control system works from the 
400-c/s supply, the emergency system works from the 
24-V aircraft battery. The two systems only marry at 
the drive to the engine throttle, where they act through 
a common differential drive. 

The emergency system contains no refinements or 
complications. It operates the engine throttle at a com- 
promise speed of 10° per second. There is no auto- 
matic protection against excessive temperature nor 
against surging of the compressor, and when the sys- 
tem is in use the pilot must be guided by his instru- 
ments. 


Service experience 

The throttle motor and actuator are now cleared for 
two Proteus-engine lives (4400 hours) between over- 
hauls, subject to a functional test after 2200 hours. The 
remainder of the equipment is cleared for 3500 hours 
(one aircraft Check 4 period). Furthermore, the ampli- 
fiers are given indefinite lives (by B.O.A.C. only) sub- 
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ject to a satisfactory sampling from two aircraft per 
year. Plugs and sockets still tend to give some trouble, 
but have lately been much improved by the addition of 
new-type inserts. 

The equipment is standard on R.A.F. Britannias and 
on those used by C.P.A., Cubana, Transcontinental of 
Argentina, Hunting-Clan, Aviation Traders, El Al and 
Aeronaves airlines. 

The maker’s service department is seldom called 
upon. There were seven calls during 1959 and four of 
these were to check ground-test gear. The remaining 
three calls were from a charter company for the use 
of test gear. 

A complete record of faults on the equipment in ser- 
vice up to the end of March 1959 has been compiled. 
A total of 549,000 system flying hours had been logged 
to that date by all types of Britannia aircraft, and seven- 
teen faults were reported in flight. This represents a 
failure rate of 1 in 32,324 system flying hours. This 
figure is now much improved since it includes early 
faults which have since been eradicated. At no time 
was 100% control of the engine lost, for the emergency 
system was always to hand. 

The throttle control system has been the subject of 
extremely satisfactory reports both by B.O.A.C. and by 
the Bristol Aeroplane Company and is appreciated and 
trusted by the aircrew. Thus Mr. D. Hellyer, Britannia 
Fleet Electrical Technical Officer, has approved for 
publication by B.O.A.C. a statement that ‘ The reliabil- 
ity of the system is confirmed by the fact that the 
aircrew, who before operating the Britannia 102 ex- 
pressed grave doubts about putting an electric throttle 
control on this aircraft, now accept the system com- 
pletely.” ; 

The distrust of * black boxes’ has steadily diminished 
and such prejudice as still exists seems largely to stem 
from ignorance of the facts. A statement made by the 
Bristol Aeroplane Company after the B.A.P.2 equip- 
ment had flown 136,000 engine hours is enlightening: 
‘Perhaps the most important lesson which has emerged 
is that it is essential that all concerned understand 
the detailed working of the equipment. Without this, 
unnecessary failure reports give a totally false impres- 
sion of the reliability. Maintenance of such equipment 
must be handled by men of higher technical knowledge 
and practical experience than is common among elec- 
tricians employed on routine electrical work.” 


Fig. 8 Schematic diagram of complete normal system 
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Conclusions 

The reliability of the electric throttle has been com- 
pared with that of the mechanical linkage. The validity 
of this comparison is to be questioned. 

Ultimately the pilot’s connexion with his engine is by 
way of a chain of linkages of which the so-called 
mechanical linkage is only one. Every item concerned 
with fuel flow is a link in that chain, and of these items, 
every one which has a 100% jurisdiction over fuel flow 
could cause a 100% failure of the engine, just as surely 
as if the mechanical linkage had snapped. Every half- 
ball valve, every restrictor that could be affected by 
random dirt in the system, every capsule, every pneu- 
matic line which might trap moisture, every pipe that 
might break or leak, every complex lever and close fit 
that might seize, are links in the chain of fuel control, 
and the chain is no stronger than its weakest link. 

No one is likely to maintain that the so-called mech- 
anical linkage is the weakest link in this chain, and 
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there might be some consolation in the reflexion that, 
whichever link failed, it would not be this one; the price 
of this consolation, which does not strengthen the chain 
as a whole, is the inaccuracy which the mechanical 
linkage contributes to the chain; the backlash, the creep- 
age with temperature, the effects of wing flexure, and so 
on. (Or is the infallibity of mechanical linkages even 
certain? Have they not been known to break, bend 
or jam? And should they do so, is there any emergency 
linkage as with the electric throttle?) 

It has been demonstrated that an electric throttle can 
perform functions otherwise needing to be performed by 
the hydraulic units in the fuel system, i.e. it can satisfy 
normal performance requirements with a simplified 
hydraulic system, or, in other words, it can obviate some 
of the weaker links in the existing chain. To be sure, 
it adds these links elsewhere in the whole system since 
it adds them in itself. If this were all, then it would be 
a simple question: which is more reliable, the hydraulic 
or the electric link? But the question is wider, since in 
the event of the electric link failing there is an emerg- 
ency system by-passing the failure, whereas there is no 
means employed for by-passing the hydraulic link unless 
it be a host of electrically operated isolating valves, 
which themselves might be regarded as further links in 
the chain of control. 

Finally, arguments on reliability are subject always to 
the fortunate or unfortunate record of service experi- 
ence, in which any equipment must speak for itself. 

End 
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PART 1 


Remotely sited pressure-switches, embody- 
ing electric differential transducers, are 
automatically checked in this data-handling 
equipment. The output is on punched tape 


Digital recording 


Fig. 1 The equipment in use 


in multipoint pressure surveys 


IN WIND TUNNEL INSTRUMENTATION AN URGENT NEED 
has arisen for a fast and accurate method of recording 
pressure distributions on models undergoing test. The 
pressure distribution is sampled at a large number of 
separate points over the surface of the model, each point 
being connected by fine-bore tubing to the main body of 
the model. In a big tunnel, the model may have several 
hundred points of this kind and the testing programme 
would involve recording the pressure at each point for 
many different combinations of wind speed and model 
attitude. In such a test, the number of individual meas- 
urements may well exceed 100,000. At the A.R.A. tran- 
sonic tunnel (/) the normal pressure range is 5 to 30 in. 
of mercury absolute and the desired accuracy of 
measurement is 0-01 in. 


A multiple-tube manometer offers the simple solu- 
tion to the problem. A whole group of pressure lines 
can be connected to such a manometer and the distri- 
bution at any time can then be photographed; this tech- 
nique is widely used in wind tunnel work. After pro- 
cessing, the photographs are projected on to a screen 
where they can be read and the data recorded on 
punched cards or tape. This tedious job causes fatigue 
and a large proportion of errors results. 


Manometers have been constructed with automatic 
digital recording, but these are usually expensive instal- 
lations particularly for the large number of tubes needed 
in a wind tunnel test. The manometer system has a 
more serious disadvantage. In a large tunnel the length 
of the connecting tubes may be about fifty or one hun- 
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dred feet, and this greatly increases the response time 
of the system (2). The capillary flow resistance of a 
small tube at constant density is given by the relation 


Rm 


d‘ 

where d is the internal diameter. Consequently the use 
of large-bore tubing for the connexions appears advan- 
tageous. In practice the space within most models is 
severely restricted, and tubes of 0°050 in. i.d. are com- 
monly used to connect the surface holes to the body 
of the model. The surface orifice is usually 0-020 in. 
dia. and the input end of the pressure line therefore 
has a high flow resistance. In typical manometer systems 
settling times of between thirty and sixty seconds are 
quite common. Small electrical transducers mounted 
within the model and connected to external recording 
equipment have obvious advantages. 

The development of the pressure transfer valve makes 
it possible to use one transducer for many pressure 
lines; at A.R.A. the commercially produced Scanivalve 
is used for this purpose. This is a motor- or solenoid- 
driven pressure-sampling switch which connects an in- 
ternal pressure transducer sequentially to each of 48 
input tubes. A single transducer measuring circuit can 
thus be used to record each of the 48 pressures in turn. 
The designed travelling volume within the valve of 
0:0005 in* permits of rapid rates of scan. 

At first, the solenoid-driven version was used with a 
self-balancing d.c. potentiometer recorder having 0-25s 
balancing time. Although this gave good results, the 
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data-reduction bottleneck still existed because the chart 
records had to be manually transcribed. An experimen- 
tal digital-recording system was therefore built, based 
on that already in use for force and moment balance 
measurements (3). In this equipment a shaft-position 
digitizer is fitted to the main slide-wire shaft of a self- 
balancing potentiometer recorder. The number corres- 
ponding to the shaft position at balance is then trans- 
ferred to a decoder store, from which it can be subse- 
quently punched on to cards or tape. The system actu- 
ally recorded 48 pressures in a little over a minute and 
gave repeatability within adjacent digits when one digit 
corresponded to 0-01 in. of mercury on a ten-inch range. 

On the basis of this work the system described here 
was built and is designed around the Creed Model-25 
paper tape reperforator and modified Type-H Speedo- 
max self-balancing recorder by Integra, Leeds and 
Northrup, Fig. 1 (4). These well proven units have been 
coupled together and used to record the signals from 
up to six Statham differential-pressure transducers 
(Fig. 2) mounted in Scanivalves. The system is capable 
of recording up to 288 pressures together with auxiliary 
and reference data in 614s. 


THE SCANIVALVE 
The Scanivalve (5) is a commercially available pres- 
sure transfer valve and allows one transducer to be con- 


Fig. 2 
Pressure transducer 





nected in turn to each of 48 inlet tubes. It is illustrated 
in Fig. 3. 

The actual valve consists of a pair of circular disks 
with hardened flat faces. The 48 inlet tubes are connec- 
ted directly to a ring of holes near the periphery of one 
disk, which has the exit port to the transducer at its 
centre. The other disk has a stopped radial groove on 
its face. When the faces are in contact, this groove con- 
nects one inlet hole to the centre outlet hole. The 
grooved disk can be stepped round to connect each in- 
let to the transducer in turn. The valve faces are about 
one inch in diameter and are lubricated with a trace 
of 200-centistoke silicone oil with MoS, additive. 


The valve mechanism is enclosed within a pressure 





Fig. 3 Scanivalve 
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Fig. 4 Digitizer 


chamber and one inlet port is connected by a T-junc- 
tion both to the valve face and to the chamber. The 
pressure applied to this tube is used to balance the rotor 
against the stator and it should therefore be higher 
than the pressure on any other tube. 

The transducer is housed within the valve, and the 
travelling volume can be adjusted down to 0-0005 in*. 
The pressures to be measured are actually present at 
the valve face, and only this small volume must change 
pressure from one tube to the next. Extremely rapid 
rates of scan are therefore possible. 

Lubrication troubles have been experienced by oper- 
ators of supersonic wind tunnels working at low abso- 
lute pressures. On occasions lubricating oil has been 
drawn away from the valve face down the pressure 
lines by the low suction pressures at the inlet ports. 
Another cause of loss of lubricant at these low pres- 
sures can be evaporation. It has been found that if the 
valve chamber is well supplied with oil and the T-junc- 
tion sealed before assembly at atmospheric pressure, 
these difficulties can be avoided. 

The solenoid model is fitted with a wafer switch 
assembly which is used to return the valve to the home 
position. In the present system the switches have been 
rewired to allow a check to be made that the valve 
advances one step upon receipt of each drive pulse. 


PRESSURE TRANSDUCER 

The transducer used (Fig. 2) is the Statham PM 131 
TC bidirectional differential strain-gauge type with a 
half-inch flush diaphragm (6). This has an unbonded, 
completely balanced, strain gauge bridge with 350-ohm 
input and output resistances. 

The full-scale ranges of the transducers used are 
12°5—O-12°5 and 7-5S—0-7°5 Ib/in*, but only a small part 
of this is used for Scanivalve measurements. The trans- 
ducers give 10 mV signal for full-scale travel in either 
direction with 5 Vd.c. excitation. This represents a 
full-scale travel of 20 mV in signal amplitude. 











The specified non-linearity and hysteresis limit is 
+ 1% f.s., but in practice the transducers are very much 
better than this. Hysteresis is negligible, and over the 
restricted range used the linearity approaches 0°1%. The 
transducers are internally temperature-compensated 
over the range — 65°F to 250°F. The temperature co- 
efficient of sensitivity is 0°01%/°F and that of zero shift 
is 001% f.s./°F. The change in tunnel temperature is 
about 55°F during a run. 

As will be shown later, the effect of changes in sensi- 
tivity is eliminated by the measuring and calibration 
system used. 

MEASURING SYSTEM 

Type-H Speedomax self-balancing recorders are used 
to measure the electrical output from the transducers. 
The recorders have four ranges, giving full-scale de- 
flexion for inputs of 2°5, 5, 10 or 20 mV with a full- 
scale balancing time of just less than 12s. The dis- 
crimination of the specially selected slide-wire is one 
part in 3000, with a linearity of better than 0°1% f.s. 
and the dead zone of the servo is also maintained within 
this limit. 





Fig. 5 Speedomax 


The position of the slide-wire shaft at balance is digi- 
tized with a coded-disk encoder (Fig. 4). Off-balance 
detection circuits are fitted supplying an external signal. 

The transducers are driven from a stabilized tran- 
sistor power pack, and the Speedomaxes are standard- 
ized against this supply every half-hour. However, each 
separate recording scan is automatically provided with 
independent calibration information. 

The complete unit is sited close to a battery of 
three digitized Midwood-type self-balancing beam 
manometers (7), which record continuously the operat- 
ing pressures in the tunnel. Two of these measure stag- 
nation pressure and the pressure in the plenum cham- 
ber surrounding the working section of the tunnel 
respectively, while the third can be used for measure- 
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Fig. 6 Decoder store 


ment of model base, or any other pressure which may 
be required by the particular test. These manometers 
act as pressure standards for all tunnel tests and their 
digitized readings are simultaneously recorded on all 
tapes and cards used. 

The two pressures P and H as recorded by the beam 
manometers, the calibration of which is known and 
constant, are also applied to each Scanivalve in use, 
and are thus recorded together with the pressures from 
the model. Since the digitized readings from the beam 
manometers are recorded at the start and finish of each 
scan, the zero point and calibration of each measur- 
ing channel can be computed in digital units. This eli- 
minates the effect of any long-term drift in zero or 
calibration. 

In use on the tunnel, the system gives repeatability 
within adjacent digits when one digit corresponds to 
0-01 in. mercury on a 10-in. range. This is equivalent 
to a signal discrimination of 5,V using a 12°5-Ib/in? 
transducer. A 7:5-lb/in® transducer gives greater sensi- 
tivity on a reduced range, but these have not been 
widely used. 

The zero position corresponding to the diaphragm 
reference pressure can be shifted anywhere within the 
scale of the instruments. This is done by shifting the 
chopper reference-point in relation to the slide-wire 
zero point. 

SHAFT DIGITIZER AND STORE UNITS 

The shaft digitizer is a standard unit which has been 
produced in considerable numbers at A.R.A. (8). It 
is coded in cyclic progressive binary using deep etched 
copper plates filled with Araldite. The plates are coded 
from 0 to 1199 giving an eleven-bit number (Figs. 4 
and 5). 

This output number is taken to a relay decoder and 
store unit, Fig. 6. The decoder converts the cyclic pro- 
gressive binary number into its natural binary equiva- 
lent, which is then stored on a set of relays until the 
decoder is cleared down. The code conversion in the 
units used for pressure recording is a parallel operation 
and takes about 45 ms. 


To be continued 
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ELECTRICAL TRANSDUCERS-I0 


PART B 


There is no doubt that thermistors will 
replace the more expensive metallic 
resistance thermometers in many applications 





Resistance thermometry 


by K. M. GREENLAND, 8.SC., PH.D., F.INST.P., F.R.M.S. 
British Scientific Instrument Research Association 


In Part A, published last month, we described the 
construction of a resistance thermometer, the precision 
thermometer, and the industrial thermometer. We then 
discussed the calibration and choice of the fundamental 
interval, and began an account of measuring circuits. 


The three-lead thermometer was devised by Sir 
William Siemens, who was the first to describe a plati- 
num resistance thermometer. A few years later H. L. 
Callendar improved the platinum thermometer and also, 
with E. Griffiths, introduced the Callendar-Griffiths 
bridge, in which a pair of dummy leads is connected in 
an arm adjacent to the thermometer arm. The dummy 
leads are similar to the thermometer leads and run 
with them to the thermometer coil. Compensation for 
the lead resistance is thus obtained as in the three-lead 
method. Callendar’s combination of four-lead thermo- 
meter and bridge gave higher precision than Siemens’ 
three-lead system, but with comparable thermometers 
and measuring units there is now little to choose be- 
tween the three-lead and four-lead methods. Strictly 
speaking, in the three-lead system compensation is com- 
plete only when the slider is in such a position that the 
ratio arms are exactly equal. An electronic recorder 
with an integral Callendar-Griffiths bridge is commer- 
cially available, and precision thermometers with con- 
nexions for compensating leads are also made. 


THERMISTOR THERMOMETERS 

The thermistor is a non-metallic conductor with a 
temperature coefficient at 20°C of — 0°04; this is ten 
times greater than that of platinum. In comparable cir- 
cuits it therefore gives considerably higher sensitivity 
in temperature measurement than does a wire-wound 
resistance thermometer. The upper working tempera- 
ture limit is 200°C-300°C, according to make; it is 
expected that this limit will be considerably higher when 
thermistors now under development are made avail- 
able. The thermistor does not compete with platinum 
or nickel thermometers for stability, although over short 
periods very small changes in temperature (0-01°C) can 
be reliably measured with industrial apparatus by vir- 
tue of the high sensitivity. Nevertheless, the control of 
the manufacturing process has been so greatly improved 
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recently that for many industrial processes the stability 
is adequate: changes in calibration corresponding to 
not more than 0:1°C per annum may reasonably be 
expected. This is conditional on the strict observance 
of the permissible temperature limits and on protec- 
tion from vibration. Much of the published work on 
the instability of thermistors relates to those manufac- 
tured before the latest improvements were made. 


Thermistor construction 


Thermistors are made in a variety of shapes and 
mountings, each designed for a particular application. 
In some applications the thermistor is indirectly-heated 
by means of a built-in resistance element, but in tem- 
perature measurement we are, of course, only concerned 
with directly-heated thermistors. These are of two forms. 
bead and block. The beads, which are less than 1 mm 
in diameter, are suitable for fast and sensitive thermo- 
meters and are the more stable. They are enclosed in a 
thin glass coating at the drawn-down tip of a glass tube 


Fig. 6 Characteristics of bead-type thermistors by Standard 
Telephones & Cables 
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Fig. 7 Characteristics of disk-type thermistors by Mullard 


through which pass the leads. For surface temperature 
measurement the bead is sealed to a copper disk and 
glazed. The block type, which is about 10 mm in dia- 
meter, and has a low resistance, is more suitable for 
direct relay operation in thermostats, where several 
watts may be dissipated without excessive self-heating. 
For this purpose the block is soldered to a mounting 
plate which can be attached, with good thermal con- 
tact, to the surface of the apparatus concerned (e.g. an 
oven, hot plate or platen). Alternatively the block may 
be a thin disk silvered on both faces; this can be soldered 
directly to the metal surface. 

One of the latest thermistor constructions consists of 
a minute glazed bead carried on two fine platinum 
leads protruding from a glass probe. Matched pairs of 
these exposed beads are used in katharometers and in 
anemometers for low flows. 


Electrical characteristics and circuits 


The resistance R of a thermistor varies with its 
absolute temperature T (°K) according to the relation- 
ship 

R=ae" 
where a and b are nearly constant for small ranges of 
T. The value of b is such that the resistance will change 
by as much as three orders of magnitude in a tem- 
perature range of 300°C. 

Resistance values for bead thermistors at room tem- 
perature tend to be much higher than those of wire- 
wound thermometers, ranging from 1000 ohms up- 
wards. This confers the incidental advantage that lead 
and contact resistances are negligible: no compensating 
leads are necessary. On the other hand the values of a 
and b are not closely reproducible so that a tolerance 
of, say, + 5% or more must be allowed for in the 
resistance at a given temperature. 
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Bead thermistors are available in a range of resistances 
sufficiently wide for any temperature rise of 100°C 
to be measured at a resistance falling from, say, 
5000 to 100 ohms (Fig. 6). Block or disk thermistors 
may have a resistance in the 10-15 ohms region at 
room temperature (Fig. 7). 

While the Wheatstone bridge is normally used for 
accurate and sensitive indication and control, the simple 
series circuit (a small battery driving current through 
the thermistor, a milliameter, and a safety resistance) 
is sufficient for measuring to 1°C. The meter may be 
a crossed-coil instrument to compensate for variations 
in the supply voltage. The exponential change of resist- 
ance with temperature would give an unsatisfactory 
scale form with this circuit, but by shunting the ther- 
mistor with a metallic resistor of about the same resist- 
ance as the thermistor at mid-range, a nearly linear 
resistance-temperature relationship results. The off- 
balance current in a Wheatstone bridge circuit may also 
be made nearly proportional to the temperature by 
proper choice of the bridge resistances (/, 2). 

If the bridge resistances are of the correct values 
and if proportionality is assumed to hold, then with 
optimum circuit parameters the maximum error in a 
12°C interval is about 001°C; for a 25°C interval it is 
less than 0°1°C, 


Thermistor applications 

There is no doubt that, as the improved stability of 
thermistors becomes well established and accepted, they 
will replace the more expensive metallic resistance ther- 
mometers in many applications where an accuracy of 
0°1°C over long periods is acceptable and where re- 
calibration of replacement elements is permissible. A 
typical application is the control of aircraft wing-sur- 
face temperature in conjunction with the de-icing sys- 
tem; in such an application a moving-coil relay is 
actuated by the off-balance current in a bridge circuit 
of which the thermistor forms one arm. Thermistors are 
popular for temperature control of water baths and 
jackets. The bridge circuit is powered by an a.c. source 
and the off-balance voltage amplified before detection 
by a phase-sensitive detector. Control is possible to 
within a few hundredths of a degree. 

For low-temperature applications (for example, the 
measurement of stored liquid fuel in rockets), special 
thermistors have had to be developed. This is because 
the resistance of a thermistor intended for normal tem- 
peratures rises to an unmanageable value at sub-zero 
temperatures and the temperature coefficient also be- 
comes inconveniently large. 

Thermistors are capable of giving satisfactory service 
in a wide range of applications, provided that the proper 
choice of thermistors and circuit parameters is made. The 
instrument or plant designer intending to use thermistors 
would be well advised to make use of the experience 
of the thermistor manufacturer. 
age oN W.R.: J. Sci. Instrum., 1951, 28 Mune), p. 176 


2. Zeffert, B. M., and Witherspoon, R. R.: Anal. Chem., 1956, 28 (Nov., 
No. 11), p. 1701 
End 
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PART A 


CONTROLLING GUIDED MISSILES—7 


Electro-hydraulic servo-mechanisms predominate in 


guided missiles. Here, in the last of our current series 


on the control of these weapons, are some of the 


reasons—plus a claim that the e.h. servo is a spear- 


head in the development of all mechanical servos 


Hydraulic servos 


HYDRAULIC SERVOS FOR MISSILES FORM A QUITE 
distinctive branch of hydraulic control engineering for 
a number of reasons. Missile servos proper are neither 
the fastest, in terms of time constants, nor the most 
accurate in the military sphere; this distinction attaches 
to the so-called flight tables needed to test them. Yet 
they are probably the most difficult to design. 

Like the rather slower aircraft servos, they are hedged 
about with restrictions on space, weight and quantity 
of fluid. Uniquely, they have to operate in the com- 
bined presence of fierce g-loading, intense wide-band 
vibration, excessive electrical noise levels, and over a 
wide temperature range. They must be harmonized 
with an array of other servo loops as complex as those 
of a process control system, although they are never 
of such large size or power as in industry. 

They must be electrically signalled for the variety of 
reasons discussed below. This in itself constitutes an 
important difference from other hydraulic servos. From 
the all-electrical servo a significant difference is that the 
hydraulic motor has a faster response than the corres- 
ponding electric motor, and utilizing this to the full 
brings special servo problems. Moreover there is not 
much friction in the electric motor but unfortunately a 
great deal in most hydraulic actuators. It will be shown, 
however, that hydraulic control need not be as non-linear 
as it is sometimes regarded. Indeed, with such consider- 
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by P. D. BOYER, sB.sc. 
English Electric Aviation Ltd. 


able emphasis placed on precise and fast positioning of 
hydraulic actuators, the hydraulic control valve has 
become a linear and highly predictable control engin- 
eering tool. But like all systems the e.h. servo is non- 
linear to some extent, and its speed of response permits 
the use of high loop gains and so high-lights the non- 
linear problems. 


GETTING THE ORDER RIGHT 
Mr. Boyer’s article was received on 


26 October, 1959, and has been delayed 
in passing the security authorities. We 
mention this because it is interesting to 
set the article against some of the papers 
read at last month’s I.Mech.E. Sympo- 
sium, which is reported elsewhere in this 
issue. We should like to be sure that 
readers know the chronological order 
when making comparisons! 


Thus, from several points of view the electro-hydrau- 
lic servo represents a spearhead of development for all 
mechanical servos, not just those which are oil-actuated. 

How is it decided whether a given operation is to be 
performed electrically or hydraulically? If, as in ground 
installations, the hydraulic systems require pumps driven 
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by electric motors, the system overall may be heavier 
than an electrical one and will certainly cost more. 

In aircraft and missiles the prime source of power 
lends itself readily to hydraulic power generation.* The 
engine- or turbine-driven pump is lighter than the cor- 
responding alternator. Then, for the transmission of 
intermediate powers, the weight of hydraulic pipes is 
less than that of electric cable. 

When the primary source of power is burning pro- 
pellant, an even more economical form of hydraulic 
supply is available, namely, a storage accumulator 
directly pressurized by the combustion product. This 
single-shot-discharge system has the advantage of sim- 
plicity as well. 

Pneumatic systems cannot so readily employ the burn- 
ing-propellant method. When they do, they must use the 
hot gases directly, and although this is being done, it 
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presents exceptional problems. Alternatively they can 
employ very-high-pressure storage vessels from which 
the gas is metered through a reducing valve to achieve 
the working pressure. However, unless this pressure is 
upwards of 10,000 lb/in?, a figure near which some ser- 
vos are Operating, pneumatic systems are relatively soft 
and spongy. Of course, such pressures entail quite heavy 
piping and introduce numerous other design problems. 

Hydraulic control can be fast, stiff and accurate at 
pressures as low as 1000 Ib/in®. For some applications 
it is often remarked that a high frequency response is 
unnecessary. Although this may apply to the whole 





* See ‘ Missiles—the power to guide them’, by K. C. Garner, 
CONTROL, August 1958, p. 64—EDITOR 
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system, with shaping, it should never lightly be inferred 
that it applies to the components as well, since high 
accuracy is nearly always at a premium. To some ex- 
tent the latter can be obtained by proportional-plus- 
integral feedback, but it can always be improved by 
higher stiffness, which is inseparable from higher natural 
frequency. This higher natural frequency can usually be 
obtained hydraulically. 


The power-weight ratio advantage of hydraulic motors 
is sometimes cited as the reason for their use, whereas, 
as argued above, it is more often merely a factor per- 
mitting the use of hydraulics. More important, obviously, 
is the torque-inertia ratio. For a steady power output 
electric systems are probably always superior, particu- 
larly in view of their greater convenience. But where 
fast response is the key, the high acceleration of hydrau- 
lic actuation scores. Moreover, when stopped, the sys- 
tem retains high positional rigidity. 


APPLICATIONS FOR HYDRAULIC CONTROL 

Hydraulics are employed mostly in the larger 
weapons. The small air-to-air missiles are more often 
gas-actuated. The aiming of homing-head radar scan- 
ners is the most striking of the hydraulic applications in 
missles, making the highest demands upon speed of 
response. Fin or wing incidence control or rocket- 
nozzle directional control make particular use of the 
very high torques which can be obtained from relatively 
light hydraulic motors. Another application is the speed 
control of turbine-driven alternators. These provide the 
missile’s a.c. supplies, which must be held at constant 
frequency despite fluctuations in the gas supply to the 
turbines. Their governing is a lighter task for which 
hydraulic and electric actuation may well be close com- 
petitors. 


Throttle control of the gas stream on to the turbine 
is the usual method of governing, and in certain in- 
stances this same form of control is applied to the main 
engine fuel supply, if the engine is a liquid-fuelled 
rocket, or, as in many first-generation weapons, a ram- 
jet or turbo-jet. Naturally, if the oil supplies include a 
variable-displacement pump, the tendency is to control 
its swash-plate angle by an electro-hydraulic servo, 
although it is comparatively rare to find variable dis- 
placement in current weapons. The larger ones usually 
employ a fixed-displacement pump and the smaller ones 
more often embody the single-shot gas-pressurized oil 
supply. In nearly all cases a near-constant-pressure 
supply system is used. 

Other applications in the missile field worth noting 
are to vibration test equipment and to the test-table 
control noted above, both of which make the most 
exacting performance demands. Hydraulic servos for 
launchers are more commensurate with industrial servo 
usage and are, as such, a separate issue. Auto-follow- 
ing radar lamp sets, particularly the short-range ones, 
present the difficult problem of achieving a high speed 
of response with massive equipment. 
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BANDWIDTH OF MISSILE HYDRAULIC SYSTEMS 


hese systems all demand a capacity for rapid accel- 
eration (or high working torque) and flat frequency 
response. The flat response band might vary from 0 to 
perhaps 5 c/s in the case of wing servos, 0 to 50¢/s in 
the case of homing-head servos, and 0 to 500 or more 
c/s in the vibration tester case. How closely these figures 
are approached in any given instance depends more 
upon the extraneous limitations placed upon the de- 
signer than upon the inertia load involved or the intrin- 
sic capacities of the hydraulic medium. In particular, 
the limited peak flow rate at which oil can be pro- 
vided, and the limited quantity of oil available, often 
impose severe penalties. The former restricts piston size 


Amplitied error Flow rate 


Spring rate 
signal current i An 
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T.M. position ¢ 
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Fig. 1 Typical remote position control servo 


and thus lowers the resonant frequency of the load and 
oil column in the jack. The latter may control leakage 
levels in the valve so strictly as to prohibit the use of 
many of the more effective valve arrangements. 


ELECTRICAL SIGNALLING IN G.W. SYSTEMS 

The most significant difference between g.w. hydraulic 
servos and others is that they are almost exclusively 
electrically signalled. Even in the aircraft field, in which 
very similar applications exist, electrical signalling of 
control-surface hydraulics is as yet still rare. For in- 
stance, a system first publicly shown at Farnborough 
in 1957 was claimed to be the first to fly in this country. 

This difference does not arise simply because of the 
absence of manual inputs in the missile, nor is the need 
for reliability in the latter any less than in the manned 
aircraft. The electrical signalling is valuable for the 
greater convenience of modifying the command and 
feedback signals, the lightness of the signal cables re- 
quired for remote control, the low power level at which 
such signals can be conveyed, the elimination of lags 
associated with linkage inertia, and altogether a faster 
response. Perhaps the built-in facility for oscillographic 
display should be added, as in practice this is a very 
important advantage during development and produc- 
tion testing. 

Electronic engineers are in such a preponderance in 
the g.w. industry—even the hydraulic servos tend to be 
largely designed by them—that the trend was inevitable 
as well as logical. The suspicion with which electronic 
signalling of control surfaces is still viewed in the ‘ man- 
Carrying aircraft’ industry on the other hand is an 
indication of the preponderance of mechanical engin- 
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eers in that field rather than of particular unreliability 
in electro-hydraulic servos, the most common failure in 
which is that of weeping mechanical oil seals—not 
usually disastrous. 


BASIC PROPERTIES OF MISSILE HYDRAULIC SERVOS 

For the present purpose most missile servos reduce 
to the fundamental pattern of Fig. 1. The voltage error 
is amplified and becomes a current signal to the torque 
motor. The torque motor (so-called nowadays whether it 
be rotary or rectilinear) is an electromagnetic actuator 
which directly or indirectly positions the principal 
hydraulic control valve. Ideally, the flow from this 
valve is proportional to its displacement and imparts a 
proportional velocity to the hydraulic actuator. The 
actuator position is the integral of this velocity, and 
hence proportional to the integral of the control-valve 
displacement. At low frequencies the actuator position, 
or velocity, or acceleration, or torque, is proportional 
to the command signal. Which, depends upon the para- 
meter to which the feedback signal is proportional. If, 
as is common, the feedback signal is the sum of several 
such parameters, the signal of lowest differential order 
will usually determine the nature of the low-frequency 
control. 

Shaping is usually embodied only in the feedback, 
adding or amplifier circuitry, although some servo-valves 
are available with sensitivity to load disturbance. As 
usual, linearity and response can be improved by addi- 
tional minor loops, and in such servos the accessible 
parameters for feedback are torque-motor current, con- 
trol-valve position, flow rate, or the pressure drop 
across the actuator. The feedback of flow rate is useful 
but quite uncommon. It is difficult to make a compact 
flow pick-off without restricting the jack flow unduly. 
However, a recent example is found in the (Borg- 
Warner) Pesco servo-valve. 

This then, with minor variations, is the usual form of 
hydraulic control in guided missiles. Perhaps the servo- 
valve may be specially designed to give an output pres- 
sure, rather than flow, proportional to signal. The 
hydraulic actuators may in turn operate some other 
hydraulic unit—for instance a variable-displacement 
pump. But these are not fundamental differences. 


COMPONENTS 

Amplifiers 

The shaping circuits and amplifiers are fairly standard 
in circuitry. The major problems have been of potting, 
* ruggedization’ and inter-connexion, first for vacuum 
tube circuits and now for transistors. Being common 
ground with so many other types of g.w. applications, 
these are really outside the scope of this article. Fast 
homing-head servos are somewhat unusual for mechani- 
cal systems inasmuch as it may not be adequate to re- 
gard the amplifier as having an indefinitely high fre- 
quency response. The nature of this effect is dealt with 
below, being due to current loading by the torque motor. 


To be continued 
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Pick-Of fo ovmouso 


ATA handling is all the rage. 
1) “The Proceedings of the 

Joint Symposium on Instru- 
mentation and Computation in Pro- 
cess Development and Plant Design, 
May 1959’ arrived on my desk 
just as I set out last month for 
Savoy Place, to spend two days at 
discussion meetings on the reliabi- 
lity and maintenance of digital 
computer systems. It would perhaps 
be unfair to complain about the 
combined instrumental and vocal 
accompaniment that was provided 
by builders working at the IE.E. 
That was bad luck, and probably 
unavoidable. But I met an old 
friend of mine during the second 
session, and afterwards he told me 
that he had been so put off by the 
interference that his mind had gone 
off on a trail of its own. ‘ Take a 
population of n ideal individuals, I 
thought to myself,’ he said, ‘ and let 
them work together for the com- 
mon good. Suppose that knowledge 
is quantized—some future Planck 
will soon show this to be true. 
Then, if the individuals contribute 
to the pool at an average rate of 
q quanta per unit time, you don’t 
need a computer to see that the 
average individual’s profit, in terms 
of knowledge newly accessible 
through other chaps’ work, comes 
in at a rate of g(n — 1). Thus, the 
bigger the average contribution, and 
the bigger the population, the 
greater is the benefit to each indivi- 
dual.’ I protested that this was only 
a rather laboured way of saying 
that it pays people to work to- 
gether, and civilized folk have 
known that for a long time. ‘ There 
is ample engineering precedent ’, 
came the retort, ‘for the use of an 
over-simplified model to clarify 
ideas. Because of its excessive sim- 
plification, my model does help to 
emphasize the importance of the 
accessibility of knowledge. If the 
new information doesn’t immedi- 
ately become available to every- 
body, the average profit per person 
falls accordingly. Anyway, let’s be 
respectable engineers and put in a 
fudging factor. If we call it a, 
which I hereby christen the ‘ acces- 


118 


sibilitance,’ we can say that the true 
average rate of profit per individual 
is ag(n — 1).’ There was a silence. 
Then my friend said, ‘ The object 
of all these meetings, conferences, 
exhibitions, conventions, conversa- 
ziones and symposia is to increase 
the value of the accessibilitance. 
‘What is its value now?’ I asked. 
‘ Infinitesimally small’ was the re- 
joinder, and we left it at that. 

Is there a Planck among my 
readers? 


ATERIALS handling was 
M (paints slow when dele- 

gates at last month’s 
I.Mech.E. Symposium (see page 
i100) collected their coats after 
the opening lecture. ‘ Still,’ as one 
rather hemmed-in philosopher re- 
marked in the long queue winding 
slowly down the staircase at Church 
House, ‘this does give folk an 
earlier opportunity to rub shoul- 
ders together.’ I noticed that few 
people used the cloakroom after 
that first experience. I wonder 
whether it gave anybody a clever 
idea or two for automation in this 
province? Many of the brightest 
names in control appeared in the 
list of delegates, so the ground was 
fertile enough. If a solution of this 
irritating problem was _ inspired 
during the shuffling on the steps, 
then it was well worth it. 


I heard two rather caustic re- 
marks from the floor during the 
Symposium, and report them here 
without comment. One was that 
the formality of presenting papers 
for pre-programmed * discussion ’” is 
no way of getting a good exchange 
of ideas, and that the prime object 
of all these Institution meetings is 
to fill a long shelf with bound pro- 
ceedings. The other was an aside 
delivered when a delegate sugges- 
ted that the describing-function 
technique employed in an Ameri- 
can paper was unwieldy and old- 
fashioned. ‘Curious’, came the 
comment, ‘that an Englishman 
should thus criticize an American 
for using a method first invented 
by an Englishman, while the in- 








ventor (Professor Tustin) stays 
silent in the Chair!’ 


I was glad to hear Hugh Clausen 
speak up strongly in condemnation 
of those official bodies that sit tight 
for too long on the ‘secrets’ of 
their work. Last month the Editor 
argued in his leader that govern- 
mentally inspired work may be 
essential to this country’s technical 
future. Possibly: but only if there 
is a sufficiently enlightened official 
attitude to ‘security’. Not that I 
should call industry much more en- 
lightened, in some cases, than the 
over-reticent Government depart- 
ments. 


EADING a recent edition of 
R The Search, a book written 
in 1934 by that clever 
novelist C. P. Snow, I was struck 
by the following remark. * No suc- 
cessful don would leave academic 
science for industry. Until they have 
academic leisure, or are fabulously 
well paid to compensate them. Sci- 
entific industry is the refuge of the 
not-quite-successful enough. (Which 
is why industrial thousands are 
wasted on research.)’ I wonder to 
what extent this may still be true 
to-day? 


NCE upon a time there was 
() a large British company 

that had to display a sys- 
tem at an exhibition. When the 
great day came—about a month 
ago—it transpired that they were 
short of a very important piece of 
equipment. In fact, the system 
which they had to demonstrate was 
rather pointless without it. So they 
got in touch with a number of 
people, none of whom could help: 
and, perhaps slightly despairingly, 
they telephoned a rival organiza- 
tion. The rival organization said, 
* Afraid we have nothing in Europe, 
but we will see what we can do.’ 
(And everybody knows what this 
means!) Three days later the equip- 
ment appeared, having been flown 
from New York from the head 
office of the company concerned. 

It is obvious from this that the 
company is American, and without 
revealing any names it was a very 
genuine rival. 

One does not pretend that the 
American company was the prover- 
bial Fairy Prince, for there are, 
after all, sound commercial reasons 
for such co-operation: nevertheless 
we think it a very happy instance 
of trans-Atlantic entente, and only 
hope that some British companies 
would follow the lead. 
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PART 1 


Load cells in 


Load cells play an important part in 
many systems, and their design is 
becoming more and more refined 


industrial weighing 


by R. B. SIMS, B.SC., PH.D., M.I.MECH.E., A.INST.P. 


Chief Engineer, Research and Development, Davy and United Engineering Co. Ltd. 


THE NAME ‘ LOAD CELL’ HAS BEEN GIVEN TO A NUMBER 
of devices for measuring force which do not use the 
lever or conventional spring balance, and includes 
instruments using hydraulic and electrical transducers. 
Load cells which produce an electrical output propor- 
tional to the applied force are all essentially adaptations 
of the spring balance. The load is applied to a weighing 
element, usually of steel or beryllium copper, which 
deforms elastically. It acts, therefore, as a stiff spring. 
Either the elastic strain or the strain displacement is 
taken to be proportional to the applied force, and is 
used to vary the electrical characteristics of the load 
cell’s measuring circuit. In a conventional spring balance 
the spring’s elastic strain displacement is amplified by 
a lever system and is taken to be proportional to the 
applied load. 

Probably the first successful instrument of this type 
was designed by Siebel (/) in 1935 using the piezo-elec- 
tric effect. The load was applied to the steel outer case 
of the cell, and the strain displacement used to impose 
a force on the crystal. This instrument was developed 
for research in rolling mills, where it is essential to 
measure the loads applied to the mill rolls, but where 
the space available for instrumentation is small. This 
design of load cell (or loadmeter, as these rolling-mill 
instruments are called) was too fragile for industrial use, 
and an inductive type was developed by Douglas (2) 
in 1944. Here the elastic strain displacement of the 
load-carrying element was used to vary the inductance 
in one arm of a bridge network, and the resulting out- 
of-balance was taken to be proportional to the force 
applied to the load cell. In later modifications to the 
general design, which is still used by some manufactur- 
ers, a differential transformer is substituted for the vari- 
able impedance, and the armature of the transformer is 
varied in relation to a coil by the elastic displacement 
of the weighing element. Other load cells employ a 
variable capacitance, and one design due to A.S.E.A. 
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carries the load on a stack of silicon steel laminations 
carrying two crossed windings, the coupling between 
which is varied by the load. 

Because they have three sources of error which are 
difficult to avoid, inductive- and capacitive-type load 
cells have been superseded to a great extent by the elec- 
tric-resistance strain-gauge (e.r.s. gauge) load cells. It is 
difficult, in these other forms of load cell, to obtain a 
linear output with load; relatively large errors occur 
when loads are not applied uniformly to the elastic mea- 
suring element, and the outputs are sensitive to tempera- 
ture changes. In comparison with strain-gauge cells, how- 
ever, they have a greater electrical output in terms of 
volts per unit load for a given volume of cell, but their 
inaccuracies far outweigh their efficiency as load/elec- 
trical-potential transducers, particularly when measuring 
to accuracies closer than + 1%. 

This paper will discuss, therefore, only the electric- 
resistance strain-gauge type of load cell, and the term 
‘load cell’ will refer only to this type of equipment. In 
addition the discussion will be confined to cells with 
four active e.r.s. gauges. According to the literature, 
one manufacturer at least still markets a load cell with 
only two active gauges, which, therefore, has a lower 
output than the cell using four or eight e.r.s. gauges 
forming the four arms of a network, and the integration 
of the elastic strain (g.v.) is inferior. Otherwise it pos- 
sesses all the characteristics of the cells described below. 

The load cell design using four active e.r.s. gauges 
was begun by Orowan (3) in 1944, whilst working at 
the Cavendish laboratories in the University of Cam- 
bridge on rolling research sponsored by the British 
Iron and Steel Research Association. The instrument 
was developed into an industrial tool for rolling mills 
by the Association in 1950. Although engineers are 
familiar with the use of e.r.s. gauges for stress analysis, 
their use in load cells presents a completely different, 
and less familiar, set of problems. The absolute value of 
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strain, and the gauge factor of the gauges, are not of 
the first importance, since the cells are calibrated against 
known standards of force. On the other hand, long- 
term stability, strict linearity, and very high orders of 
repeatability are essential, and their realization under 
industrial conditions presents considerable electrical and 
mechanical difficulties. 


F 





be 


Fig. 1 Pattern of e.r.s. gauges on the elastic measuring 
column 
GENERAL EQUATIONS TO LOAD CELLS 

An analysis of the relationship between load and the 
electrical output simplifies the subsequent discussion on 
the causes of error in the instrument. Fig. 1 represents 
the simplest possible load cell, consisting of a right 
circular cylinder of height A and diameter 2r. Four 
gauges are bonded to it. R, and R, are parallel to the 
axis, and on each end of a diameter; R, and R; are 
normal to the axis and on a diameter at right angles to 
the diameter containing R, and R,. Gauges R, and R, 
are compressed when the load F is applied, and R, and 
R, are placed under tension by the corresponding strain 
in the plane normal to the force. 

Let the change in resistance of gauges R,...R, be 
written AR,...AR,. If V, is the potential difference 
applied to the network, then the potential at point B of 
the bridge network Fig. 2 into which the gauges are 
wired is 

iis VAR, + AR) 
"RR, + AR + DR, 
and similarly 
__-Va(Rs + AR3) 

R, + R, + AR; + AR, 

Now if R, = R, = R, = R,=R (and they are 
matched in practice to better than + 0°1%) then 
AR, = AR, and AR, = AR;, so that 
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a V AAR, — AR;) 
2R + AR, + AR, nn 
The relationship between resistance changes and 
strain, in a strain gauge, may be written to a first 
approximation in the present case, as 
AR,/R, = AR,/R, = ke ...(2) 
where & is the gauge factor and e is the natural 
strain along the axis of the cylinder, 


AR. AR; 
and — = -= \ke 
R, R, ...(3) 
where A is Poisson’s ratio for the material. 
If E is the elastic modulus of the material of the column 


mc 
a arE a 
On substituting equations 2, 3 and 4 into equation 1, 
it may be shown (4) that the output potential V,, on 
Open circuit, or with a measuring circuit of very high 
impedance is: 





BC 





V,kKF(L +A 
Vi, ta ease ..(5) 
2rrE 
and in a current-measuring circuit 
_  VakF(L + A) 


me: genio en ...(6) 
2ar°F(2R + Rm) 


where R,, is the impedance of the external circuit. 


MEASUREMENT OF FORCE BY LOAD CELLS 
There are three elements in any load cell system of 
weighing or force measurement; the e.r.s. gauge net- 
work, the mechanical parts of the cell, and the electrical 
measuring circuit. Errors in the measurement of load 
or force may occur in each element. These errors will 
be discussed separately. 


ACCURACY OF LOAD CELLS 
The output of a load cell, measured as an electric 
potential when the output impedance is very large, 
should be of the linear form 


Va= CF+Z a 
where V,,= output potential (mV) 
c = the calibration constant (mV _ per 
unit load) 
F = the applied load 
and Z = the potential of the load cell at zero 


load (mV) 


Fig. 2 Elementary wiring diagram for an all-active e.r.s. 
gauge Wheatstone network 
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Fig. 3 Output 
characteristics of 
an ideal load cell 


The graphical relationship is shown in Fig. 3. Inaccura- 
cies in load cells are contributed not only by the e.r.s. 
gauges, but also by the mechanical components of the 
cell, the calibration technique, the method of installa- 
tion in the structure (tank, hopper, test rig, etc.) where 
the load is to be measured, and by the electrical mea- 
suring circuit. 


Applied load F (in |b) 


ERRORS DUE TO E.R.S. GAUGES 
Fig. 4 shows the internal construction of one type of 
e.r.s. gauge. The gauge wire is formed into a gridiron 
pattern with separation of about 0-015 in. (0°375 mm) 
and spot-welded to the tag strips at each end. The wire 
is supported in a sandwich of thin paper and the whole 
assembly bonded together with a suitable adhesive. 
The e.r.s. gauges in a load cell may give rise to errors 
in the measurement of load in the following way: 
1. Non-linearity in the resistance-strain coefficient, k, 
(see equation 2) which in turn gives rise to non-linear- 
ity in the calibration constant, c. (equation 7). 
2. Variation in the physical properties of the wire 
from which the gauges are made, which causes drift 
in the zero of the load cell, i.e. changes in Z, with 
both time and temperature. 
3. Imperfect internal bonding in the e.r.s. gauge (not 
the bonding of the gauge to the elastic measuring 
element), which will cause hysteresis (i.e. loss of 
repeatability in the measurement), irregular changes in 
the calibration constant c, particularly at elevated 
temperatures, and large random changes in Z. 
4. Imperfect bonding of the e.r.s. gauges to the 
elastic measuring element, which will give rise to 
changes in calibration and zero. The effect is in prac- 
tice confined only to changes in Z. If the calibration 
is affected the gauges rarely remain serviceable for 
more than a few hours. 
5. Electrical overloading of the gauges, which tends 
to soften the internal bond, giving rise to changes in 
the zero constant Z (see 3 above). In extreme cases 
the gauge will burn out. 
6. Operation of the load cell at temperatures above 
the rated limit set by the medium bonding the e.r.s. 
gauges to the elastic measuring element, which will 
give rise to zero drift due to changes in the insulation, 
and to hysteresis in zero in extreme cases. 
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7. If the design or manufacture of the gauges is 
poor, there is a risk of failure at the spot welds at 
each end of the gauge wire, which can give rise to 
random zero changes or mechanical and electrical 
failure. 


Non-linearity in resistance-strain coefficient 

Dealing now with these possible errors, non-linearities 
in the resistance-strain coefficient k (in the relationship 
AR/R = ke) may be avoided by correct choice of 
material for the gauge wire. Jones and Maslin (5) have 
carried out a detailed investigation into the resistance- 
strain characteristics of fine-gauge wires of a number of 
metals and alloys, and generally the choice is narrowed 
down to the cupro-nickel alloy Ferry or Eureka, or the 
chromium-nickel alloy Nichrome, both alloys having a 
linear resistance-strain coefficient up to 2% strain at 
least. Ferry is preferred since its specific resistance is 
low, and it has better welding characteristics than 
Nichrome, thereby minimizing the type of failure men- 
tioned in 7 above, and described more fully later. 


Variation in physical properties 

Changes in the zero of a load cell when the e.r.s. 
gauge bridge balance varies with time and temperature 
require a more detailed explanation. The equation to 
the cell output on open circuit is given in equation 5. 
The strain-gauge resistance R is not a term in this 
equation, hence the design of the four-gauge Wheat- 
stone bridge shown in Figs. 1 and 2 should be tem- 
perature-insensitive. The temperature coefficient of re- 
sistance of the gauge wire is very much greater than its 
strain coefficient, and the fact that temperature has only 
a minor effect on the load cell shows that this deduction 
is substantially correct. In deriving equation 1, however, 
the assumption was made that all the gauges had the 
same resistance R. This is only true if all the gauges 
have a stable resistance and change in temperature by 
the same amount. Precautions are taken in designing 
load cells to ensure that local changes in temperature 
do not affect individual gauges. The outer case shields 
the e.r.s. gauges from draughts, heat radiation etc., and 
the elastic measuring element to which they are bonded 
acts as a thermal capacity. It is, however, difficult to 
manufacture these fine alloy wires with completely uni- 
form chemical and physical properties, and the tem- 
perature coefficient of resistance varies slightly along 
the length of a coil of wire. Hence, although the pre- 
caution is taken by some cell manufacturers to ensure 


Fig. 4 Formation of an e.r.s. gauge 
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Gauge wire wound 
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gauge to the elastic 
measuring element 











Fig. 5 Circuit of a load cell to correct for zero changes 


that the set of e.r.s. gauges on a cell have been made 
from the same coil of wire, it is impossible to ensure 
that all the gauges are electrically identical. The early 
foil gauges were at one time susceptible to this fault. 
Moreover, the method of forming the gauge results in 
a severe work-hardening of the wire, which will re- 
crystallize slowly with time and temperature, thereby 
altering its resistance and changing the balance-point of 
the bridge. The effect may be seen either as a slow, 
almost continuous, non-reversible change in zero, or as 
a failure of the zero to return to its set value when the 
load cell is heated. When the general temperature of 
the cell changes, therefore, second-order temperature 
drift occurs in the bridge zero Z (but not in the cali- 
bration factor, c), and tolerances for this change are 
usually defined in specifications of cells. 

The effect can be reduced to acceptable limits by 
careful control of the e.r.s. gauge design and manufac- 
turing process, by matching all gauges carefully and 
designing the mechanical components of the load cell to 
reduce temperature changes to a minimum. It is for this 
reason that the author’s company have produced a wide 
range of water-cooled cells, which will be discussed 
later. Wood and Tiffany (6) have described procedures 
for relieving the stresses due to winding the gauges, and 
have described a method for approximate matching of 
the temperature coefficients. The gauges are matched in 
resistance to the + 0°01% level after they have been 
heated and cooled five or six times, and then aged for a 
few weeks. The resistance of each gauge is then mea- 
sured at room temperature and the gauge is plunged 
into a vessel of liquid maintained at about 15°C above 
room temperature. The change of resistance for the first 
ten seconds of heating is measured, and the group of 
gauges to be used on a load cell is selected to have 
approximately similar characteristics. The heat-cycling 
ages the gauge and produces a load cell with a zero 
that is stable with time, and the matching of gauges 
with similar resistance-temperature coefficients simpli- 
fies the subsequent correction of the cell for tempera- 
ture. When the wiring of the cell is completed its zero 
temperature coefficient (i.e. change in Z with tempera- 
ture) must be checked. If it is greater than its specified 
maximum it may be corrected by adding resistors as 
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shown in Fig. 5. The material of resistor A and its 
value are chosen so that, when the load cell is cooling 
from about 40°C, the zero change is within the speci- 
fication. Resistors B and C are chosen to reduce the 
value of Z to specification tolerances. It follows at once 
that the strictest electrical and geometrical symmetry 
must also be maintained in the form of the intercon- 
necting wiring between the e.r.s. gauges since this is 
always of copper which has a large temperature co- 
efficient of resistance, and may easily be the cause of 
drift. The type of solder used to connect the gauges 
to the cabling and the size of the soldered joint must 
also be carefully controlled in any gauge stable to the 
+ 0°1% level. 

There is another, and quite different, cause of tem- 
perature drift, usually short-term, which occurs when 
the load cell is heated non-uniformly to an extent which 
cannot be equalized inside the cell. Then the gauges in 
the bridge network change in resistance by differing 
amounts, and relatively large changes in zero occur until 
the cell reaches uniform temperature again. Drift of 
this type occurs when part of the cell is exposed to 
radiant heat; for example, when it is used close to a 
furnace or over a ladle of molten metal, and one side 
of the instrument becomes heated. In these cases radia- 
tion shields may be used, and water-cooling is required 
in the more severe cases. 


Imperfect internal bonding 

In equations 2 and 3, used to derive the output equa- 
tion to a load cell, it is assumed that the wire of the 
strain gauge is subjected to precisely the same strains as 
the elastic measuring element. This can only be true if 
the e.r.s. gauges are securely bonded to the surface of 
the elastic measuring element, and the internal bonding 
of the gauges is capable of conveying the strain to the 
gauge wires. This latter requirement places heavy 
demands on the quality of the internal adhesive since 
the strains are large (0°2% being usual at the rated 
maximum load), the wire is thin (usually between 
0-001 in. to 0-002 in. (0°025 to 0°050 mm) in diameter), 
and the heat liberated in the wire by the passage of 
current tends to soften the bond. The elastic limit of 
the adhesive at relatively elevated temperatures must 
be high if creep is not to occur over a long time, Many 
writers have attributed the zero drift of load cells to 
lack of secure internal bonding, and there is a great deal 
of evidence to support them. Gross lack of internal 
adhesion between the paper covering of the gauge and 
the wire will result in changes in the calibration con- 
stant, c, and hysteresis or lack of repeatability, since the 
wire will tend to slip relatively to the elastic measuring 
element. Recent research indicates, however, that with 
modern adhesives an overall creep is unlikely, and any 
zero drift in an e.r.s. gauge from this cause is usually 
due to faulty mechanical design, the creep occurring at 
the outside wires of the grid only because of inadequate 


support. 
The only way in which this fault can be eliminated— 
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Fig. 6 An early design of a ring-type load-cell, with outer 
cover removed 


and it must be completely eliminated if the load cell is to 
be used at the + 0°3% accuracy level, or better—is by 
rigorous control over the design, manufacture and 
selection of the e.r.s. gauges, and detailed inspection of 
the cells after completion. The fact that cells are 
now manufactured for measurements to accuracies of 
+ 01%, and even + 0°03%, indicates that the error 
can be avoided by proper design and manufacturing 
control. Another approach to the problem has been 
given recently by Laycock (7), who has used an un- 
bonded strain gauge of novel design. An opinion of a 
new design can only be given after data have been 
collected over a long time from a number of applica- 
tions, but preliminary data available in Laycock’s paper 
are encouraging. 

Imperfect bonding to measuring element 

Imperfect bonding of the e.r.s. gauges to the elastic 
measuring element will give rise to changes in the 
output of the bridge (Z) at zero load, due to creep, 
and in rare cases the calibration constant may change 
and even be non-linear. Given reasonable care in manu- 
facture and inspection of the completed load cell, the 
errors due to an imperfect bond are usually confined to 
changes in Z with time, and, as mentioned above, it is 
rare with modern adhesives. 

Long-term drift data (as distinct from the short-term 
zero drift discussed above) are not easy to obtain from 
load cells which are in industrial plant. Two examples 
are available to the writer. In one of these cases a cell 
was taken out during the overhaul of a large tank in a 
chemical plant after two years’ service; the zero had 
changed by about 0°5% of full scale, and the calibration 
constant, c, by an amount less than + 0°03% (the limit 
of resolution of the load-testing equipment used). In the 
other case a pair of 500-ton load cells was taken out of 
a 1500-ton shear during the works shut-down, after a 
year’s arduous service. Here the zero had changed by 
less than 1% and the calibration by a negligibly small 
amount. 


Electrical overloading 


The potential difference which can be placed across 
the input terminals of a bridge formed from e.r.s. gauges 
is a function of the cell design. Only a small fraction of 
the working current can be carried safely by an e.r.s. 
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measuring element 


gauge before it is bonded. The elastic measuring ele- 
ment to which the gauges are bonded acts as a heat 
sink, and, provided the bond is thin enough, a surpris- 
ingly large current may be passed through the gauges 
before they suffer damage. The very large currents 
which may be passed through a foil gauge, in compari- 
son with a standard paper-backed gauge, illustrates this 
point clearly. The operating current is a function, there- 
fore, of the mechanical design of the load cell and the 
type of bond. If the mass of the elastic measuring 
element is large, as in the case, for example, of the 250- 
ton load meter shown in Fig. 15, potential differences 
as great as 20 V may be applied to a 400-2 bridge 
without signs of zero drift developing. A similar bridge 
on the smaller precision load cell shown in Fig. 12 will 
take only 10 V, and a toroidal cell designed for very 
small loads will accept only 6 V. The precision and 
toroidal cells are oil-filled to increase their thermal 


capacity and dissipate the heat from the gauges. 
To be con:inued 





Fig. 7 (a) Tank supported on load cells 


(b) Honeywell Controls’ Electronik indicator arranged for use 
with load cells 














A review of design 
criteria used in practice 


PART—1 


Gearhead ratio selection 
in servo-motor drives 


by THOMAS B. WEARDEN, B.Sc. TECH. 
Vactric (Control Equipment) Ltd. 


IN THE DESIGN OF ANY MOTOR-LOAD DRIVE SYSTEM IT IS 
important, for optimum performance, that the correct 
gear ratio should be selected. When the drive is from a 
machine with constant or approximately constant 
speed, for example a synchronous a.c. motor, the prob- 
lem is usually simple—the correct gear ratio is deter- 
mined by comparing the motor running speed with the 
desired load speed; but when a servo-motor (with 
approximately linear speed:torque characteristic) is em- 
ployed it is necessary to consider the function of the 
drive in the equipment in order that the correct basis 
for calculation of the optimum gear ratio can be selec- 
ted from various alternative methods. In this article 
the principles involved in each of these alternatives are 
summarized and the conditions of application stated. 

Although the article is written mainly with reference 
to the smaller International Frame Size servo-motors 
and gearheads, the design techniques suggested are 
applicable throughout the range of electro-mechanical 
servo-system design. 

An example of a size-11, 2-phase, 400 c/s servo-motor 
with size-11 reduction gearhead is shown in Fig. 1. 


Design approach 


When calculating the optimum gear ratio for a servo- 
motor load drive the design objectives of the system 
must be clearly defined and the relevant load para- 
meters considered. The design objectives usually en- 
countered are: 

1. Maximum load acceleration 

2. Defined load speed 

3. Maximum load speed with a given motor 
Sometimes these objectives conflict—for example, selec- 
tion of gear ratio on the basis of maximum acceleration 
might mean that the maximum load speed required 
cannot be attained (Appendix 2, Ex. 1)—and it is 
therefore important to consider fully the functions of 
the driven load in order to determine the governing 
design objective. 
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Fig. 1 Size-11 servo- 
motor (a.c. 2-phase ) 
fitted with size-11 
reduction gearhead 


Load parameters are most usefully expressed in 
terms of load torque components; these may be classi- 
fied as : 

1. Accelerating load torque component, T 

T° en 
where TT) = gcm 
L{a) 
8 
2. Running load torque component, 7 





L(p) 


where T ==K ‘wo "gem 
L(g) Lm L 


(for applicable values of n). 

When the design objectives are established it is often 
found that only one of the load torque components is 
relevant or significant; for example with a servo system 
load designed for maximum acceleration the significant 
torque to be considered is T, , ,; Lup is often compara- 
tively small. 

In Table 2 the design techniques and relevant equa- 
tions for determining optimum gear ratio in the simple 
cases when one load torque component predominates 
are summarized: these techniques are explained below. 

When the theoretical gear ratio has been calculated 
it is often desirable to consider whether a readily avail- 
able standard-ratio gearhead can be employed: the 
basis for selection of a standard ratio is discussed 
below, and in Appendix 1 practical examples are 
considered. 


Simple solutions 

The symbols used are defined in Table 1. Gear-box 
inertia and running-torque parameters are neglected at 
this stage, but conditions under which they should be 
taken into account are discussed later. 


Case 1 
Design objective : maximum load acceleration. 
Predominant load torque component: T,,. 
The load acceleration equation is: 


Continued on p. 126 
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TABLE 1 


TORQUE (g cm) 


Ty = Motor output torque 
Ta(stail) Motor stall torque 
‘i _= Load torque acceleration component 
Aa 
T — = Load torque running component 
iy = Gearhead running friction torque referred 


to input shaft 


SPEED (rad/s) 

= Motor angular velocity 

= Load angular velocity 

= Motor no-load angular velocity 


®u 
@y, 


©wMi(no load) 


ACCELERATION (rad/s*) . 
@ = Motor angular acceleration 


ay = Load angular acceleration 








TABLE 2 Summary of alternative methods for determining optimum gearhead ratio 


CASE 1 
Max. acc'n. 





Basis for selection of gear ratio Matching of inertias 


Calculate gear ratio from: 


N= (+.-) 
ly y 


Design procedure 


Modified design procedure to Calculate gear ratio from: 


include gearhead parameters 
I . i 
N= ( sels ~) 
Iytily, 9 
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Symbols such as w,’, T),’ etc. indicate a defined or particular value of the generalized parameter. 





INERTIA (g cm’) 


ly = Motor inertia 
I, = Load inertia 
ly = Gearhead inertia referred to input shaft 
POWER (W) 
Wy, = Motor output power 
WwW, = Load driving power 
EFFICIENCY 
n = Gearhead torque efficiency 
GEAR RATIO 
N = Gearhead ratio, where N > 1 for step- 
down ratio 
CONSTANTS | 
K, - Generalized load running torque constant, | 
when T : 3 -@2 
L(p) Lin) I 
g = Acceleration due to gravity (cm/s*) 





CASE 2 CASE 3 
Constant speed Max. speed 


Motor speed to be such that 
power delivered will rotate load 
at desired speed 


1. Calculate motor output 


power required 


2. From motor characteristic 
curves find motor speeds at 
which this output power is de- 
livered, 

w’y and w”y 


3. Calculate gear ratio from: 
On om 


N =——orN = — 
OTL oT, 


4. Using above procedures, determine approximate ratio, select 


Motor speed to be such that 
max. power output is delivered 


1. From motor characteristic 
curves find motor maximum 
output power, Wyyemax), and 
speed at which this power is 
delivered, 
©M (max power) 
. Calculate load speed when 
Wy = M(max) x0 

is supplied, 





Nm 


w 
M(max) 

—— +: 7X 10° 
Ty 

3. Calculate gear ratio from: 


®), (max) " 





© (max power) 


N =- 


1, (max) 


gearhead type and estimate running friction torque for gear- 


head. 


5. Plot gearhead power:motor output torque curve. 


6. Subtract this from motor power:motor torque curve to give 


new curve, available power /motor torque. 


1 a 
11. HT, «—- 


” NV gegorex) 


7.2. If Ty is of the same order as — - 


————— then neglect T,, 


I Ty 
—— then proceed 
N 


0 *Y (approx) 


as in (1), (2), and (3) above but use available power:motor 
torque curve instead of motor power:motor torque curve. 


Tae ae 
1 T,, 
T, »—:-—— 
” NV cegpren) 


then the motor speed w’, is de- 
termined by Ty from the motor 
speed:motor torque characteris- 
tic, and the gearhead ratio is 
calculated from: 

o'M 


1, 


Not applicable in this case. 
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Efficiency, %.Output,watts XIO- 


o 


w 


Fig. 2 Performance 
characteristics for 
size-10 servo-motor 
(a.c. 2-phase) wound 
for 26V operation 


Speed, rev/min X 1OOO 
nN > 





OM 
but a, . 


and input torque to gear box to produce T,, , at 


Lia) 


output is —— gem 
n'N 
therefore torque at gearhead input shaft is 
anu I, l 
—*—*—gcm 
N? @g 1 


therefore total torque to be developed by motor is: 


anu I, 
Ty =- ( - + Iv) gem 
2 n* N? 


or, rearranging: 
N*:g°Tw 
amu = « 


] aa 
(Sie 
1 

N-e¢°Ty 
—~ + Iy-N? 
1 
differentiating a, with respect to N, in order to find 
turning values of a; 

I, 
day, | 





therefore a, = - 


7 + Iy° N? a N-2ly°N 


a a. =e or, = ‘Tu'g 


dN 1, 2 
ES + Iy°N, 
7 


turning values are when 


da 

— = 
dN 
i.e. 

N?2 af. . 
' In 9 
i.e. 


N = (= ~) 
Ix q 
and it can be shown in the usual way that this value 
of gear ratio results in a naximum value for a. 


Case 2 

Design objective : defined load speed. 

Predominant load torque component : lw 

In designing a drive to run at defined constant load 
speed the correct gear ratio must be determined on a 
basis of power; speed and torque cannot be considered 
independently. The power delivered by the motor must 
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inputwatts +5. Input current X20,mA 





be sufficient to turn the load at the required speed 
taking gearhead efficiency into account. 

The required load power is the product of defined 
speed X predominant load running torque component. 
Thus if the predominant load torque is of the form 

Ty = Ki) - or" gem 
then power to drive load at constant speed ’,, is: 
W’'t = Ki) * (01) x 10% watts 
and power output required from motor is: 


° * \(nel) 

WW’. = Rua “(oish"” ew) 10 watts 

7 

If the motor-speed : torque characteristic is assumed to 
be linear an expression for determining the correct gear 
ratio can be derived (Appendix 2), but, as in practice 
the characteristics of many motors depart from true 
linearity, it is preferable to work from the published 
characteristic curves of the servo-motor whenever 








possible. (Examples are shown in Fig. 2 and Fig. 3.) 
“ 
= 
. SOLES 
AE 
Fig. 3 Performance 23s |_| 
characteristics for Z;.= 6 Ao 2 
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From the power-output: torque and speed : torque 
curves the speed/speeds at which the required power, 
W’y,. is delivered are determined, ’y and oy, and 
then the correct gear ratio is given by: 


” 
ou ® M 


N =— or N= 


OL oL 

There are two solutions here because the power-out- 
put:torque curve for a servo-motor is parabolic. 
(Figs. 2 & 3.) 

When the drive is from an a.c. motor the choice is 
determined by the most advantageous operation of the 
gear box (found by studying the published gear-box 
life curves). However, in the case of d.c. machines, 
because of heating limitations, the ratio must be chosen 
so that the working point is below or equal to full load 
(Fig. 3). 

Case 3 


Design objective : maximum load speed. 
Significant load torque component: T 





Lip) 
The maximum load speed will be attained when the 


motor is delivering maximum output power. As in the 
previous case a theoretical expression can be derived, 
assuming a linear speed:torque characteristic, but 
again it is usually more convenient to work from the 
motor characteristic curves. 

The maximum motor power output, Waumax) and the 
motor speed, wimax power) at which that power is 
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delivered are read from the curves (Figs. 2, 3) and the 
power available to drive the load may then be calcu- 
lated : 

Wy = Waumaxyn Watts 


The load speed that can be attained with this avail- 
able power is then : 


W satmax) * 9 1/(n+1) 
®L(max) — 7a x 10* rad/s 
L 


and the required ratio is: 


®M (max power) 


N= 





®L (max) 


Gear-box inertia and gear-box running torque 


In the simple expressions considered above, gear-box 
inertia and gear-box running torque have been neglected, 
and, when a high class of gearhead designed for servo 
work is employed (Fig. 1), this is usually justified; 
however, in all practical design work the load inertia 
and running torque should be compared with the gear- 
head inertia and running torque (both being referred to 
the gearhead input shaft), and if necessary the gear- 
head parameters should be taken into account; when 
the gear ratio is high it may even be found that these 
are greater than the referred load parameters. 

After comparing the gearhead and treferred-load 
parameters, when it is considered desirable to investi- 
gate further the practical effects of the former on selec- 
tion of gear ratio, the design techniques developed 
above should be modified as follows : 

Case 1 
The equation for determining gear ratio is now: 


i Leos} 
N = depuis 
Iu + Ix y 
Cases 2 and 3 


A first estimate of gear ratio is obtained neglecting 
the gearhead running friction; from this the type of 
gearhead to be used can be decided and the maximum 
running friction torque for the gearhead estimated. 
Depending on the relative values of the latter parameter 
and the referred load torque, one of the three following 
alternative procedures is selected : 

a. Referred load torque > gearhead running friction 

torque. 

In this case running friction torque may be neglected. 

b. Referred load torque comparable with gearhead 

running friction torque. 

In this case the revised design procedure is : 

i Calculate the power absorbed by gearhead run- 

ning friction at two convenient speeds. 

i Using these figures plot the curve of gearhead run- 

ning friction power against motor torque on the same 

axes as the motor output power characteristics. 

iii Subtract the gearhead running friction power from 

the motor output power curve to plot the new curve 


Available motor output power against motor torque 
(Fig. 4). 
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iv Determine the optimum gear ratio as described 

previously under ‘Simple Solutions’ using the new 

available motor output power curve instead of the 
published total motor output power curve. 

c. Referred load torque < gearhead running friction 

torque. 

In this case the motor running speed will be deter- 
mined by the gearhead running friction torque, and is 
read directly from the motor speed: motor output 
torque characteristic. The optimum gear ratio for a 
constant defined load speed is then : 


Motor running speed (from speed: torque curve) 
Defined load speed 


(The combination of predominant running friction 
torque with maximum load speed design objective will 
not be encountered since the design procedure for this 


Fig. 4 Derivation of 
curve of available 
motor output vs. 
motor torque, tak- 
ing gearhead run- 
ning friction into 
account. Curve 

total motor output 
power. Curve 2, 
gearhead _=running 
friction power. 
Curve 3, available 
motor output power 


Power 





Motor torque 


objective is to introduce a great ratio (step-up or step- 
down) such that the motor is run at its maximum out- 


put power—this case has already been considered 
above). 


Standard gearhead ratios 


In the preceding discussion it has been assumed that 
the driving motor is run at its maximum rated input 
power and that an exact gearhead ratio is to be deter- 
mined. These conditions may be encountered in practi- 
cal design work, but it is often convenient, having 
calculated the optimum gear ratio, to select the nearest 
standard gearhead ratio and either accept a departure 
from the defined output conditions or, in the case of 
a constant defined load speed, select a standard ratio 
that will run the load at overspeed and then reduce 
the motor input power until the defined speed is 
achieved. (When the motor is in a servo-loop with a 
maximum load speed defined the loop gain can often 
be adjusted to enable a standard gearhead ratio to be 
employed; however, it is still important to calculate 
the optimum gear ratio first and then de-rate in this 
way in order to attain the best system response con- 
sistent with the employment of a standard gearhead 
ratio.) 

When choosing a standard ratio the alternatives of 
ratio>optimum and ratio<optimum should be con- 
sidered: this is illustrated by the examples considered 
in Appendix 1. 


To be continued 
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_ CONTROL IN ACTION 


Autocontrol at 


Little Barford 'B' 


‘ 


LITTLE BARFORD ‘B’, THE RECENTLY- 
commissioned power station of the 
Central Electricity Generating Board, 
which CONTROL visited in January, is 
just south of St. Neots in Huntingdon- 
shire. Heavily instrumented, the two 
60 MW sets which make up the * B’ 
station are fed from Foster Wheeler 
boilers under the control of automatic 
equipment by Evershed and Vignoles. 
Control, from fuel input to steam at 
the turbines, is based on the Evershed 
electronic repeater system which pro- 
vides a millivolt signal to Evershed 
controllers operating electro-hydraulic 
valve positioners. Little Barford ‘ B’ 
is the first C.E.G.B. power station to 


termined law. An example of this is 
the computer for controlling the 
hydraulic coupling of the induced 
draught fan. This computer receives 
a signal proportional to total fuel in- 
put to the mills and another signal 
proportional to boiler combustion 
chamber pressure. The output automa- 
tically effects any correction needed to 
the fan’s hydraulic coupling. The con- 
version from an electrical output sig- 
nal to the required operating force at 
the coupling is achieved by applying 
the current to the magnet of an oil- 
jet type hydraulic actuator. 

It is difficult to assess the economic 
saving accruing from the use of an 


An analogue computer is employed to 
deduce rotor temperature continuously 
from the electrical resistance of the 
rotor. If the temperature is high, this 
points to the field current being exces- 
sive and this means that a lagging 
power factor has been caused by an 
increase in the reactive load. 


The more conventional way of mea- 
suring changes in rotor temperature is 
by the use of the ‘shunt’ method. In 
this, the voltage winding of an ohm- 
meter is connected across the rotor 
coil, and its current winding is fed 
from a shunt. This entails carrying 
high voltage to the control panel, and 
the use of long lines is not only in- 
convenient but, furthermore, it in- 
creases the possibility of a fault on 
the rotor. 


The Evershed system is based on 
the use of the simple computer type 
ER.92, an analogue computer which 
operates on the electronic repeater 
principle. The computer continuously 
evaluates a voltage/current equation 
to obtain rotor resistance and hence 
temperature. This device incorporates 


: Vv 
employ electronic autocontrol tech- automatic control system. However, = oted beam carrying coils at cach 
: ' end, into which are fed the signal 
niques of this type. the speed of response of an electronic ; : ; 
: ; ; ; currents representing the input vari- 
Steam pressure and temperature, system is much greater than that avail- 


water and steam flow are the main 
quantities measured for control 
purposes. Each of these quantities is 
measured and converted into a small 
proportional electric current in a trans- 
mitter located at the actual sampling 
point. Each signal is then transmitted 
to the plant operating room by tele- 
phone-type cable. The use of this sys- 
tem excludes all water, steam and 
other fluids from the control room. 
In a number of instances the signals 
from several transmitters are applied 
to a beam-balance type computer the 
output from which follows a pre-de- 


able by other means. At the moment, 
the ‘B’ station is about 27% efficient 
and it is thought that an expected im- 
provement to 29%, efficiency will prob- 
ably be brought about when the con- 
trol system is fully calibrated and has 
settled down. An efficiency of 29% is 
considered to be high for such a small 
station, particularly when, as at Little 
Barford * B’, it is a two-shift station. 


Rotor-temperature determination 


The method of determining varia- 
tions in turbine-rotor temperature at 
the ‘B” station was new to CONTROL. 


Fig. 1 The piant control room at Little Barford ‘B’ 


ables. The beam is subjected to 
torques developed by the interaction 
of the magnetic fields produced in the 
signal coils with other magnetic fields. 
Any displacement of the pivoted beam 
from its balance position, operates 
contacts to change the grid voltage 
of a thermionic valve. The resulting 
change in anode current is fed back 
into one of the coils on the beam, in 
such a manner as to restore the 
balance of the beam. The current 
through the thermionic valve provides 
the output signal from the computer 
and may be fed to alarms, controllers, 
recorders or indicators as necessary. 
The diagram (Fig. 2) shows the lay- 
out of the system at Little Barford ‘B’. 
The variations of the turbine-rotor tem- 
perature are deduced from changes in 
rotor resistance. The latter is propor- 
tional to (V—K)/I, V being propor- 
tional to the d.c. exciter voltage ap- 
plied to the rotor brushes, K is a 
constant representing brush voltage 


eoreee 


"ee 


OO. 
ae 
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drop, and / is proportional to the 
rotor exciting current. This equation, 
in which V and / are represented by 
direct currents in the range 0-15 mA, 
is evaluated continuously by the an- 
alogue computer. 


The signal representing V, which is 
proportional to exciter voltage, is ob- 
tained through a resistor in series with 
the computer winding, both compon- 
ents being effectively connected across 
the rotor brushes. The value of the 
resistor is such that the appropriate 
proportion of the volts drop appears 
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across the computer input coil. In 
the unlikely event of the resistor 
breaking-down, the full terminal volt- 
age might appear across the coil and 
so damage the computer. This is 
avoided by shunting the coil with a 
Metrosil disk, a non-linear resistor 
which offers a low resistance to a high 
surge voltage but a high resistance 
under normal operating conditions. 
The signal representing /—propor- 
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Voltage transducing 
unit 


Alternator rotor 


tional to rotor exciting current—is 
derived from a _ saturable reactor 
arranged as a direct current trans- 
former. This operates in a manner 
similar to that of a d.c. ‘ clamp-on’ 
ammeter. A.C. is fed into the satur- 
able reactor and as the latter’s reac- 
tance varies with the d.c. exciter cur- 
rent, the a.c. will also vary. This signal 
is rectified and fed as an input to 
another winding on the beam. 


Slab-furnace temperature 


autocontrolled 


Control at Steel Peech and Tozer's hot-strip mill 


CONSIDERABLE ECONOMIES IN FUEL 
consumption, together with uniform 
heating of slabs—hence easier rolling 
—are understood to be experienced 
at Steel Peech and Tozer’s new hot- 
strip mill. This is due to the use of a 
comprehensive system of automatic 
controls on the two two-zone-fired 
furnaces which feed the mill. 

The furnaces (one can be seen in 
Fig. 1) were built by Stein and Atkin- 
son and each has an effective hearth 
length of 60ft. This is divided into 
two main zones: in the first, or ‘ ton- 
nage’ zone, slabs are heated rapidly 
to roughly the proper temperature for 
rolling; in the second or ‘soaking’ 
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zone the temperature of the slabs is 
equalized throughout their bulk at 
about 1250°C. 

Slabs move in and out of the fur- 
naces under control from a remote 
position between the two furnaces, a 
loudspeaker system providing inter- 
communication to enable co-ordina- 
tion between the furnaces and the 
mill. 

The furnaces are oil-fired, fuel being 
pre-heated before piping to the burn- 
ers where it is atomized by waste 
steam from an adjoining plant. The oil 
is fed to the burners at about 70 Ib/in?. 
Combustion air is supplied to each 
furnace at a rate of 22,000 ft*/min, a 
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Fig. 2 An analogue computer continuously evaluates a 
voltage/current equation 
and so deduce rotor temperature 


to obtain rotor resistance 


The constant K, representing brush 
voltage drop, is derived from a suit- 
ably-calibrated spring which exerts a 
turning moment in the appropriate 
direction on the computer beam. 

As can be seen in Fig. 2 the sys- 
tem employs a separate d.c. supply 
unit; this is to avoid excessive sup- 
pression on the indicators. A 3-in. 


recorder provides a continuous indica- 
tion of rotor temperature, and a high- 
temperature alarm is incorporated. 

CONTROL understands that this sys- 
tem will be used on certain future 
power stations. 





Fig. 1 The continuous slab-furnaces of 
Steel Peech and Tozer are fed hydrau- 
lically with slabs 


rate slightly in excess of combustion 
needs in order to provide an oxidiz- 
ing atmosphere. A _ slight positive 
pressure is maintained within the fur- 
naces in order to prevent the entry of 
cold air. 

There are nine burners in the ton- 
nage zones and eleven in the soaking 
zones. Each soaking zone is divided 
laterally into three separately-fired 
sections in order to avoid uneven 
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heating of the slabs, which could arise 
from radiation losses from the sides 
of the furnaces. 

Further economies are provided by 
heating combustion air in an exhaust 
recuperator (so making fuel savings of 
12% as compared with a cold-air sys- 
tem) and by passing exhaust gases 
under the slabs at the charging end. 


Control requirements 
The problem of controlling these 
furnaces may be considered in two 





Fig. 3 Three soaking-zone master tem- 

perature-controllers with oil-flow con- 

trollers below. These are of Electronik 

type; the air and steam controllers are 
pneumatic 


parts. First, it is necessary to deduce 
the level of heat input to the different 
zones needed to cater for the varying 
demand due to changes in the rate of 
slab feed, and in ambient conditions. 
The lag in response due to the large 
heat-capacity of the system must, of 
course, be taken into account 
Secondly, the correct proportions 
of oil, air and steam must be main- 
tained, whatever the firing rate, in 
order to provide complete atomiza- 
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F.g. 2 Temperature con- 
trol for one furnace 
zone. A master tem- 
perature controller ad- 
| justs separate air, oil 
| and steam flow con- 
trollers 

tion, full combustion, and the correct 
atmosphere within the furnace. At the 
same time the furnace pressure must 
be kept at the right level. 

All these variables are monitored 
and adjusted continuously, and in co- 
ordinated fashion, by a number of 
automatic control instruments. 


Oil, air and steam control 

The three variables—oil, air and 
steam — are regulated by individual 
automatic flow-controllers which are 
themselves under the control of 
master temperature controllers. 

The basic system for one zone is 
shown in the diagram, Fig. 2. The 
temperature in each zone is sensed by 
a Honeywell Radiamatic water-cooled 
pyrometer, the output of which is 
passed to a master temperature-con- 
troller. These—the upper circular dial 
instruments in Fig. 3—are Electronik 
recorder-controllers in which electrical 
input is continuously balanced in a 
bridge circuit by a motor-driven 
potentiometer. Movement of the bal- 
ancing motor is translated mechanic- 
ally to operate the indicating and 
recording pointers of the instrument, 
and is also applied to a_ balanced 
nozzle-and-flapper arrangement which 
adjusts the pressure in a pneumatic 
control circuit. 

This pneumatic output is applied to 





















the air, oil and steam flow controllers 
as shown in Fig. 2. The oil flow con- 
trollers for the soaking zones are 
beneath the corresponding tempera- 
ture controllers in Fig. 3, the air and 
steam controllers being on the rear of 
the panel. Each of these secondary 
controllers supervises its respective 
flow in its own right, to provide the 
correct proportion of air, oil and 
steam. 

Oil flow is sensed by an area meter, 
one of which can be seen on the ex- 
treme right in Fig. 4. Its electrical out- 
put is fed to the oil-flow controller 
which, in response, adjusts the dia- 
phragm valve above the area meter. 

Air-O-Line pneumatic-balance air 
and steam controllers are employed. 
Here the input from a _ pneumatic 
sensing element is balanced by a bel- 
lows system. Steam is sensed by an 
orifice plate in the steam line, the 
pressure drop across the plate being 
converted to a pneumatic signal and 
fed to the controller which, in turn, 
adjusts the steam control valve. Air 
flow control is similar, with pneu- 
matically operated butterfly valves in 
the air supply ducts. 


Indexet control 

In this manner, the temperature 
controllers sense changes in load and 
alter the settings of the three second- 
ary controllers to adjust the firing 
rate. The latter is adjusted by ‘ In- 
dexet’ units on the secondary con- 
trollers. An Indexet is a pneumatic 
device which is fed from the master 
temperature controller and alters the 
setting of, say, the steam controller 
so that its output is not necessarily 
proportional to signal input. For ex- 
ample, a change in temperature might 
call for a greater or lesser amount of 
steam-valve opening than normal, 
because of a change in steam pres- 
sure. 

Two manual controls on the Index- 


Fig. 4 Steam and oil control points. In 
the right foreground is one of the area 
meters which transmits signals to the 
oil-flow controllers; the control valve 
is above it. Steam flows are transmitted 
pneumatically by the converters at left 
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ets enable adjustment of the relation- 
ship between the output signal from 
the master temperature controller and 
the output from the secondary con- 
trollers, to provide the correct control 
ratio between oil, steam and air. 

As there are four similar but in- 
dependent systems for each furnace— 
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one for each of the three soaking 
zones, and one for the tonnage zone 
—furnace oil, air and steam delivery 
are continuously adjusted to maintain 
the desired local temperature. This is 
irrespective of variations in individual 
supply pressures and heat losses, and 
provides good combustion without 





too great an excess of oxygen. 
Various other controls are also pro- 
vided by Honeywell. The slight posi- 
tive pressure in the furnaces is main- 
tained by furnace pressure controllers 
which respond to tappings in the fur- 
nace lining and adjust pneumatically 
a butterfly valve in the exhaust flue. 


Largest electronically-controlled plano-miller — 


A 70-ET LONG 450-TON PLANO-MILLING 
machine, by Kendall and Gent, which 
is now being installed at C. A. Par- 
sons’ Newcastle works, is the largest 
ever built in Britain. Designed for 
machining large electrical components 
and steam-turbine casings for the 
nuclear power industry, it will accept 
components measuring up to 35 ft 6 in. 
long by 12 ft wide by 9 ft 6in. high. 
It has four milling heads (two vertical 
and two horizontal) each driven by a 
100-h.p. motor, and these can operate 
face-milling cutters of up to 3 ft dia- 
meter. 

Apart from the fact that this is 
one of the biggest machines of its type 
in the world, the most important fea- 
ture from the control engineer's view- 
point is the extensive use of electronic 
control. The traverses of the table and 
the milling heads are controlled to 
give a steplessly-variable range of 
feeds. Furthermore, the electronic 
equipment enables the operator to 


‘steer’ the cutter by remote control. 


round a workpiece of any shape. This 
enables the continuous removal of 
metal from any component irrespective 
of its contour. 

The table is driven by the Kendall 
and Gent worm and generated-rack 
method, two worms transmitting the 
drive to racks on the underside of the 
table. Table feeds are variable between 
0 and 50 in/min, the feeds being selec- 
ted with the aid of graduated dials on 
the control desks and the precise feed 
indicated on a tachometer dial. 

The 100-h.p. drives to the four mill- 
ing heads are through worm and 
wheel reduction units to spindle speed- 
change gear boxes, the final drives to 
the individual spindles being through 
large helical gears. Sixteen changes of 
spindle speed between 10 and 200 rev 
min are available. 

Each spindle can be power-traversed 
at 18in/min and, in addition, a fine 
adjustment is provided. 

The milling-head feed traverse is 
powered by a 15h.p. d.c. variable- 
speed motor to give steplessly-variable 
feeds between 0 and 50 in/min. Rapid 
traverse is provided by a separate 20 
h.p. constant-speed motor. 
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Fig. 1 Table and 
milling- head _tra- 
verses are electro- 
nically-controlled on 
this 450-ton plano- 
miller at C. A. 
Parsons’ Newcastle 
works. The cutter 
can be ‘steered’ 
round workpieces 
of any shape 


The traverse-drives to the table and 
milling heads are regulated electronic- 
ally, the required feed-rates being de- 
termined by the speeds of the driving 
motors. These motors are controlled 
individually during normal milling, 
but simultaneously when using steer- 
ing control, and special adjustable- 
speed-drive equipment has been deve- 
loped by Lancashire Dynamo Elec- 
tronic Products in order to meet both 
conditions. 

The machine has four control desks 
and two control panels. A master desk 
controls the operation of the milling 
head and table rapid traverse, and the 
cross-slide traverse. A travelling con- 
trol desk and also the two desks con- 
trolling the horizontal milling heads, 
control both the feed and rapid-tra- 
vese motions to both table and mill- 
ing heads. 

The travelling control desk (Fig. 3) 
on the cross-slide platform is motor- 
driven and mounted on tracks, so that 
the operator can work anywhere along 
the length of the cross slide. 


Table and milling-head traverses 

The drives for the table and milling- 
head traverses are similar. Each utilizes 
a d.c. driving motor fed from its own 
generator, both these generators being 
driven by a common a.c. motor in the 





generator set. This motor also drives 
an exciter generator which provides 
the field excitation for the two d.c. 
drive motors. 

The output voltage of the d.c. gen- 
erators, and hence the armature volt- 
age of the table and milling-head drive 
motors, is controlled by means of 
single-phase full-wave thyratron recti- 
fiers feeding the generator field. The 
field winding of each d.c. generator is 
centre-tapped, each half-winding being 
controlled individually by a pair of 
thyratron rectifiers to permit the two 


Fig. 2 Milling-head and table traverses 
may be controlled from this master 
control desk 
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Fig. 3 A travelling 
control desk on the 
cross-slide platform 
enables the opera- 
tor to work any- 
where along the 
length of the slide. 
This desk carries 
controls for the 
feed and rapid tra- 
verse of both table 
and milling heads. 
The two vertical 
milling-head control 
panels are also 
shown 


driving motors to be operated in either 
direction. 

When both halves of the field wind- 
ing are equally excited, the effective 
total field excitation for the generator 
is zero and the generator output is 
zero volts; when one half-winding is 
energized more than the other, the 
generator supplies a d.c. voliage of a 
polarity and a magnitude proportional 
to the difference in excitation between 
the two half-windings. Thus by con- 
trolling the relative levels of excitation 
between the two halves of the field 
winding, the output of the d.c. gen- 
erator can be varied smoothly from a 
maximum with one polarity, through 
zero, to a maximum with the opposite 
polarity ; hence the speed of the driv- 
ing motor can be varied smoothly 
from a maximum in one direction, 
through zero, to a maximum in the 
opposite direction. 

The driving motors for the table 
and milling-head traverses are both 
shunt-wound, interpolar, variable-speed 
d.c. motors, each provided with an in- 
tegrally-mounted tachometer-generator 
on their non-driving ends. 


Normal milling control 

The tachometer generator coupled 
to the driving motor generates an out- 
put d.c. voltage proportional to the 
speed of the motor. This output volt- 
age is compared with a reference volt- 
age determined by a feed-setting con- 
trol on the desk, and an error signal 
is derived. The error signal is applied 
to the common input circuits of two 
amplifier channels, the amplified volt- 
age from each channel individually 
controlling the excitation of each half 
of the generator split-field, via a thyra- 
tron unit which acts as a regulator in 
series with the half-field winding. The 
amplifier circuits function so that as 
the excitation to one half-winding is 
increased, the excitation to the other 
half-winding is decreased. The genera- 
tor output is proportional to the differ- 
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ence between the two excitations and 
the polarity of the output depeads on 
which half is more excited. 

As the feed-rate control knob on 


the desk is turned to increase the 
motor’s speed, the error signal varies 
in polarity and value to increase the 
excitation of one half-field and de- 
crease that of the other. The reverse 
operation will reduce motor-speed. 

Under steady state condi.ions (i.e. 
with the motor operating at the speed 
set by the feed-rate control knob) the 
control system operates in such a man- 
ner that the magnitude and polarity of 
the error signal is just sufficient to 
maintain the excitation of the genera- 
tor field at the level necessary to re- 
sult in the desired motor-speed. Should 
the motor-speed vary momentarily 
from the set speed for any reason 
other than adjustment of the feed rate 
control knob (e.g. variations in load 
conditions), the control system reacts 
to restore the motor speed to the set 
value. In order to ensure that the sys- 
tem will respond quickly to external 
disturbances without becoming un- 
stable or overshooting, stabilizing feed- 
back circuits, operative under tran- 
sient conditions, are incorporated in 
the closed-loop control system. 


Steering control 

When the machine is operating 
under ‘ steering control’, the table and 
milling-head traverse motors are regu- 
lated simultaneously. This enables the 
direction of travel of the cutter in rela- 
tion to the work to be steered through 
360°. Thus the cutter in use can be 
guided round a complicated shape in 
either the vertical or horizontal planes. 

The feed control is a ganged 
arrangement of potentiometers having 
the required law to provide the cor- 
rect speed from each motor in order 
to move the cutter in the direction 
selected by the steering hand-wheel. 
The system is so designed that one 
steering hand-wheel only can be in 


operation at any one time, the parti- 
cular operating desk being selected 
from the master control desk. 

The control circuits for each of the 
two drive motors are essentially the 
same as for normal milling. However, 
the two error signals, one to each con- 
trol system, are derived from a phase- 
sensitive rectifier unit. 

The steering hand-wheel moves the 
motor of a Magslip so that the out- 
puts from its two data windings are 
proportional to the sine and cosine 
respectively of the angle of rotation 
of the wheel. The two signal outputs 
are applied to a phase-sensitive recti- 
fier wherein they are converted into 
error signals, one being applied to the 
control system governing the table- 
feed motor and the other to the mill- 
ing-head feed motor. 

The relationship between the angu- 
lar position of the steering wheel (as 
indicated on the control desks) and 
the relative speeds of the two motors, is 
such that with the steering wheel at 0°, 





Fig. 4 One of the two horizontal-head 
control desks 


the table motor is providing the maxi- 
mum forward speed and the milling- 
head motor is stationary. With the 
wheel at 45°, both table motor and 
milling-head motor run at 0-707 of 
maximum forward speed. At 90° the 
table motor is stationary and the mill- 
ing-head motor at maximum forward 
speed; and at 135° both table motor 
and milling-head motor run at 0-707 
of maximum reverse speed. When the 
steering wheel is at 180° the table 
motor is running at the maximum re- 
verse speed and the milling-head mo.or 
is stationary. The relative motor 
speeds for 225°, 270° and 315° are 
the exact opposites of those for 45°, 
90° and 135° respectively. 

The vector speed—i.e. the square 
root of the sum of the squares of the 
speeds of the two motors—is claimed 
to be constant to an accuracy varying 
between + 1% at maximum speed to 
+ 10% at minimum speed. This should 
mean that the feed of the milling cut- 
ter will be constant irrespective of the 
direction of cut. 
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Determination of transient 


response from frequency response 


Graphical 


METHOD 1: Curvilinear Squares 
When a Nyquist locus corresponding 
to a stable system is available from 
experimental data the form of the 
system transfer-function is not gener- 
ally known. This method enables the 
principal oscillatory mode to be esti- 
mated, and in conjunction with zero- 
frequency information gives an indi- 
cation of the form of the transfer 
function. The principles underlying 
the method are outlined, a specific 
example is given and extensions to 
existing techniques are included which 
enable the step-function transient- 
response of a second-order system to 
be obtained. 
If the open-loop transfer-function of 
a system is 
6. 
= KG(p) osaey 
6 
where @, and @ are system output and 
error respectively, K is a gain value, 
and G(p) is in general the ratio of 
two polynomials in p, then since 
6. = 6: — 6 where @, is the input on 
closed loop, on substituting for @, in 
equation (1) we have 





6 1 
= = - cue CD 
6) 1 + KG(p) 
For a step position input 
6; 1 
6 = —— - mee 
p 1+ KG(p) 


On factorizing, 1 + KG(p)=0 ... (4) 


and deriving the partial-fraction co- 
efficients A, B, C, etc. 


A B Cc M 
—+—_+——_ ---_—___ |, ...(5) 
p pta pt+B- pth 


where p+ a, p+8,...p +4, are the 
factors of the characteristic equation 
1+ KG(p) = 0. In the time domain 
[6]. =A + Bexp(—at)+Cexp(—B1)+ 

... Mexp(—#0) 
For an oscillatory response there 
must be at least one exponent which 


Il 


6 
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DATA SHEET-— 


-15 


for control systems—4 


is complex, hence a root of | + KG(p) 
of the form p = a + jw. For physi- 
cally reliable systems, a must be nega- 
tive to give decaying exponentials and 
the conjugate root p = — a —jw must 
exist, since multiplication of the fac- 
tors containing the two conjugate roots 
leads to an expression with real co- 
efficients. The term 1+ KG(p) will 
itself necessarily possess real coeffi- 
cients associated with each term of 
the polynomial which it represents. 
The complex roots yield a time func- 
tion of the following form, where B, 
and B, are the partial fraction coeffi- 
cients associated with these roots. 
{(t)=exp(—at)[B,exp(jwt) 
+ B.exp(jot)] 
=exp(—at)[(B:+ B.) cos wt] 
+ j(B, +B.) sin wt] 
=R exp(—at) sin(wt+¢) .-. (6) 
where R and ¢ are real, since the co- 
efficient j(B; — B.) must be real for 
physical reality. Thus p will be a 
complex variable of the form p = 
-—~e= 
The factors of Eq. (4) occur when 
KG(p) = —1. The Nyquist locus gives 
KG(jw), i.e. the positive frequency 
locus for a=0. The object of this 
graphical technique is to construct 
families of curves of constant a and 
constant w on the jw locus and to esti- 
mate the complex value of p which 
makes KG(p) = —1. The construction 
is based on a property of functions 
of the complex variable, p, i.e. that 
lines of constant a and constant w in- 
tersect orthogonally, where w varies 
when a is constant and a varies when 
is constant. 


Construction (Fig. 1) 

1, Plot Nyquist locus with equal scales 
on real and quadrature axes, and 
with w as a parameter, specified for 
equal increments of w. 

2. Selecting a region of the locus near 
the —1 point, join incremental w 
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values 5w by straight lines, and erect 
bisectors perpendicular to these, equal 
in length to the 8w values, and in a 
direction towards the —1 point. 
3. Join the extremities of these bi- 
sectors by a smooth curve to give a 
line of varying w and constant a, 
where a is equal to the increment dw. 
4. Sketch portions of constant w curves 
from each point to cut curves a 0 
and a= éw orthogonally, starting at 
the relevant w parts on the jw locus. 
5. Repeat this procedure with the 
curve a=$w to obtain that for a=28w 
and continue until the —1 point is 
enclosed, then sketch the constant a 
and w curves through this point. Esti- 
mate these values by interpolation. 
This value of p is such as to satisfy 
the relation KG(p) 1 and hence 
represents the required solution to 
the characteristic equation. 1+ 
KG(p) = 0, so that this process pre- 
sents a method for determining the 
complex roots of an equation graphi- 
cally. The method has validity for 


Fig. 1 






+jw locus 
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higher-order systems, and enables the 
principal oscillatory mode to be ex- 
pressed. If the form of the character- 
istic equation is known it can be 
divided by the quadratic formed from 
a knowledge of the complex conju- 
gate roots as located by this method, 
thereby reducing the order of the 
characteristic equation by two. 

The accuracy of the method is in- 
creased if one or two points for p 
complex are calculated. 


Example 
A completed plot is shown in Fig. 


2, the jw locus of which corresponds 
to the open-loop transfer-function of 
the form 

Go On 

- ———— .(7) 

6 P(p+2f wn) 
where ¢ is a damping ratio and w, a 
natural frequency. An example which 
can be solved by calculation is chosen 
so that the validity of the method can 


be demonstrated. Putting w, = 1 and 
= 0-5 gives 

6 l 

— - - and 

0 P(p + 1) 

6 p- + p 


0: P+ pti 
For a step input 6, 
p+l 

0 —— —_ = 


- 1 6; 
V3\? 
(p x)* = 
2 V3 


oth) + 4° 


v3 2 
-— en Oe 8 
(p + 4)? + (—. ) 


Transforming universally gives 


216,lexp(—t/2) . EB aa ) 
6, = sin{ —t+— 
V3 2 3 
giving p —0-5 + j 0-866. From the 
graph p = —0-49 + j 0-86 which illus- 
trates the correspondence. 


Estimation of damping ratio, natural 
frequency and error magnitude 


Solving Eq. (1) for the closed-loop 
error step-input response gives 


1 
6 = EX p(— fant) 
(1—$*)! / 
sin[w,(1—¢*)!t+- ¢] 
1 , 
where ¢=tan-! ( -— ) ...(8) 
2 
but p a.t+jo, for the —1 point 
so that w: = w,(1 — &°)! Ao 
and 4a: = fn ...(10) 
Solving these gives 
@n = (a + wo)! ...(11) 
a 
and i= —— — Ale) 
(a> + wr)! 
Hence R = [1 + (a:/a:)*]! on sub- 


stituting Eq. (8) and tan ¢ = w:/a. 
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a=-0-6 
a¥-0-49 ea 
a=-0-4 


eZ 


w = 0-6 +5 


/ w=0-8, wr0-86 
w=!-O 
| 


coil 
7 


\ \ 
\ 
\ \_ Ywro-86 
w=0-8 
\ a 
“X\ 
w=0-6 


Locus for: <2 


hy? \! 
Therefore @ (1+(2) exw —a;t) 
@1 


sin] or Htar (=) |» ... (13) 
a 


and the step-input transient response 
is completely specified in terms of a 
and w:. These results can be applied 
to find R and ¢ in the example and 
agree closely with calculated results. 


Derivation of transfer function 

Since p = —a, + jw and its conju- 
gate p’ = — a, — jw: must exist, and 
the term 1/p" can be assessed from 
the zero frequency behaviour of the 
locus then 


6. a; + o 


6 p"((p+ a@,—jo:)(pt at jw.)] 


ay T @ 


p™(p?+2apt+ar+w:’) 


The numerator and denominator may 
contain other unresolved terms in 
more complex systems. 


Estimation of peak overshoot znd time 
of occurrenc> 
Differentiating Eq. (13), and equat- 
ing to zero, gives the time for the 
first-error maximum as T = 7/«: secs. 


6 jw(i+ja) 


w increasing 


Substituting in Eq. (13) and simplify- 
ing gives 

O@max = —[exp(—az/w)]6i. 
Hence 60 max 6i[1 + exp(—a.7/w)} 
and peak percentage overshoot 

= exp(—aiz/w) X 100%. 


Estimation of time for error to reach 
zero for the first time 


From equation (13), the error is 
zero when the term 


S @1 
exp(— afjsint wf +tant — 


is zero, and occurs when 


R @1 
sin! wf+tant — 
a, 


is zero since exp(— af) is not zero. 
Solving this gives 

@1 

wit + tan - =R@ 

a 
for successive error zeros, and putting 
R = 1 gives the first error zero. Re- 
arranging gives 


T - tan | a 
ay 


a 
@1 


in terms of w: and a, only. 


ERRATUM: Data sheet No. 14 p. 118. 
i. 4: for @ read @,. and also in the line 
following equation (8). The true error is 
a= 6, — 6 
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-BUSINESS—— 


For the record 


As integration in the aircraft industry 
appears to be coming to a satisfactory 
conclusion—in the Government’s view 
at least—it is likely that some public 
money will be used to aid the indus- 
try in developing civil aircraft. Indeed, 
the Minister of Aviation, Duncan 
Sandys, said at a recent R.Ae.S. lun- 
cheon, ‘If Government support for 
aeronautics through military channels 
is reduced, there is a case for making 
some increase in assistance on the civil 
side’. He did remark, however, that 
the Government was at present spend- 
ing over £M300 a year on aviation. 

The Minister’s speech followed hard 
on the heels of the latest merger in 
the industry. There are now two main 
groups: (a) Vickers Armstrongs (Air- 
craft)}—40%, English Electric Aviation 
—40%., Bristol Aircraft—20%, and, it 
it is thought, Hunting Aircraft; (b) 
Hawker Siddeley (Hawker, Avro, Arm- 
strong Whitworth etc.), de Havilland, 
Blackburn and Folland. 

Westland have taken over Bristol's 
helicopter interests and this, together 
with their previous acquisition of the 
Saunders-Roe range, makes Westland 
the largest manufacturer of helicop- 
ters in Europe. 

These neat arrangements are some- 
what marred by apparent inconsisten- 
cies. Apart from Rolls-Royce, who 
are strong enough to stand aside from 
these mergers, there is only one other 
major aero-engine manufacturer, 
Bristol-Siddeley Engines. This company 
was formed to handle the engine in- 
terests of the Hawker Siddeley Group 
(Armstrong Siddeley Motors) and 
those of Bristol Aeroplane. Bristol, 
therefore, would appear to have a foot 
in both major camps. 

Bristol also have a link with Short 
Brothers and Harland in that they 
share the same chairman, Sir Matthew 
Slattery, and have a 15% interest in 
that company. Short’s, who as yet re- 
main independent, are 70% Govern- 
ment-owned with the remaining 15% 
belonging to Harland & Wolff. 

Another independent, Fairey, is part 
of the Aircraft Manufacturing Co. 
(Airco), together with de Havilland 
and Hunting. Airco was formed to 
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from the world of control 


build the DH 121 for B.E.A. There is 
an anomaly here in that de Havilland 
are in one major group and Hunting 
are likely to join the other. However, 
Hunting say that their Airco con- 
nexion will not be affected, and in any 
case the Hawker Siddeley-de Havilland 
group are more than capable of de- 
veloping the DH 121. This would be 
in direct competition for Government 
aid with the Vickers-English Electric- 
Bristol (and Hunting?) VC-10 air- 
craft. 

Handley Page are still independent 
and look like remaining so while the 
redoubtable Sir Frederick retains 
control. 


E.M.I. v MI. for LD. 


The financial press has been having a 
high old time over the various bids 
and counter-bids by E.M.I. and the 
Metal Industries group for Lancashire 
Dynamo. As CONTROL goes to press, 
E.M.I. have withdrawn their offer 





RARE CONTROL. Continuous tempera- 
ture control of meat whilst in the oven, 
at Wisconsin University, provides 420 Ib 
of serving meat from 600 Ib of raw meat, 
compared with 300 lb of serving meat 
using mother’s methods. Installed by 
Honeywell Controls’ U.S. associates, 
control equipment includes Elektronik 
strip-chart recorders for continuously 
recording oven performance, and 
probes for measuring the meat’s internal 
temperature 


having taken the view that they were 
not prepared to pay more than they 
considered the business was worth. 
Metal Industries, of course, made the 
higher offer for L.D., that is in imme- 
diate financial terms. Lancashire 
Dynamo’s board recommended the 
E.M.I. offer to their shareholders, on 
the general grounds that E.M.I. are a 
larger group than M.I. and that the 
long-term prospects were more attrac- 
ive. E.M.I. themselves, for some time 
stood pat, rather like a noble suitor 
who feels that the maiden will even- 
tually come to her senses and fall into 
his arms despite the attractions of a 
handsome and ardent rival. 

Metal Industries obviously didn’t see 
the situation in quite this light. They 
claimed that their ‘offer holds out con- 
siderably greater income prospects 
than the offer from E.M.I. Further- 
more, the offer . . . allows the L.D. 
stockholder to receive in cash almost 
the value of his holding before any 
offer was made and ... retain a valu- 
able interest in the combined M.I.- 
L.D. business on which he will receive 
a substantial income with good pros- 
pects.” 

E.M.I.’s varied interests are too well 
known to require reiteration. Metal 
Industries, although by no means as 
large, also cover a wide range through 
control of such subsidiaries as Avo, 
Taylor Electrical Instruments and 
Brookhirst Igranic, quite apart from 
fairly substantial interests in general 
engineering and metals. Recent ex- 
amples of M.I.’s strength which have 
been announced—possible more in the 
form of shots in the battle than as 
conventional press releases—include: 
Taylor Electrical’s sale of 4000 of the 
new edgewise meters they introduced 
just before Christmas ; Avo’s contract 
with the U.K.A.E.A. to install a cri- 
ticality-incident detection system in the 
second plutonium-processing plant at 
Windscale, and also their hopes of 
supplying a substantial quantity of 
Avometers to the People’s Republic of 
China ; and Brookhirst Igranic’s recent 
orders from the steel industry for 
£150,000 worth of crane controls. 

Metal Industries have now—de- 
servedly—won the auction, despite the 
fact that L.D. shareholders who had 
never heard of Avo had heard of Elec- 
tric and Musical Industries. It was at 
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one time suggested that they would 
take the view that E.M.I.’s greater re- 
sources, and the fact that it is an 
acknowledged leader in computation 
and control, make it the better bet. 


Elliott's and 1.D.L. 


The nucleonic instrumentation business 
of Isotope Developments Ltd.—but 
not its subsidiary, R. A. Stephen & 
Co.—has been bought for cash by 
Elliott-Automation. Elliott's already 
have a substantial interest in nuclear 
engineering, through Elliott Nucleo- 
nics. This addition will, however, 
strengthen them, particularly in the 
field of application of radio-active iso- 
topes—in process control, for example. 


Export contracting 


A new model form of general con- 
ditions of contract known as ** B.2” 
(1960)—Export Contracts—Delivery 
f.o.b., c.i.f. or f.or., with Supervision 
of Erection” has been prepared by the 
I.E.E. and the I.Mech.E. This super- 
sedes I.E.E. Model Form B.2 (1928) 
which has remained temporarily in 
use to provide for electrical export 
contracts. 

Two other model forms are avail- 


able: ‘“B.1” (1956)—Export—De- 
livery f.o.b. or cif.’; and *“B3” 
(1954)—Export Contracts—including 


Delivery to and Erection on Site of 
Electrical and Mechanical Plant.” 
Model Forms B.1 and B.2 cost 
4s. 6d. each, including postage, and B.3 
5s., and are available from the Secre- 
tary of The Institution of Mechanical 
Engineers, or the Secretary of Th> 
Institution of Electrical Engineers. 


—-ERGONOMICS- 
Conference at Cambridge 


The Ergonomics Research Society is 
holding its Annual Conference at 
Cambridge University from March 23 
to 31 next. The programme will include 
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two sessions on ‘Ergonomics in the 
Armed Forces’, a session on * Ergono- 
mics in the Netherlands’ and a Sym- 
posium on ‘Factors in_ prolonged 
work, especially inspection °. 

The Symposium, will include six 
papers, an exhibition of experimental 
apparatus, various visits to Colleges 
and University Departments, and some 
meetings on topics of sec‘ional inter- 
est. 

Full particulars can be obtained 
from the Conference Secretary, Dr. S. 
Griew, Bristol University, Department 
of Psychology, 22 Berkeley Square, 
Bristol. 


G.E.C. imports know-how 


A three-man team from the American 
firm of Dunlap & Associa‘es is now 
working on human engineering prob- 
lems at G.E.C.’s Atomic Energy Divi- 
sion, Erith. The team, which should 
complete its task this month, is mak- 
ing an ergonomic analysis relating to 
the central control room of a nuclear 
power station. 

The design of nuclear power station 
control systems, is a field in which the 
ergonomics approach should be of par- 
ticular value. According to G.E.C., it 
can do more than increase the opera- 
tional efficiency of an installation. By 
ensuring the effectiveness—and even 
the comfort—of the operators, it can 
make a considerable contribution to 
the safety of the plant. 


PNEUMATICS 
S.LT. and pneumatic control 


The Society of Instrument Technology 
is Organizing an informal evening on 
* Novel pneumatic control devices and 
applications’ to take place during 
April 1960. This will provide an 
opportunity for members to describe 
new devices or new applications of 
known devices to process control. 
Offers of exhibits (preferably working 


Within five minutes 
of receiving an 
automatic fire alarm, 
the Fire Officer, re- 
ceives a report from 
the Hoover brigade 
who will already be 
dealing with the 
outbreak 











































































models) or 5 to 10-min. talks should 
be sent to J. R. Halsall, Imperial 
Chemical Industries Ltd., Central 
Instrument Laboratory, Bozedown 
House, Whitchurch Hill, Reading. 
Berks. 


SAE Ty — j 
Fire detection at Hoover 


As a precaution against large-scale fire 
outbreak, Hoover Ltd., of Perivale, 
Middlesex, have just completed a new 
£20,000 fire-detection system, cover- 
ing some 215,000 ft*. Designed and 
installed by Sound Diffusion (Auto- 
thermatic) Ltd., the system employs an 
electrical circuit network which covers 
the entire factory. In each room, de- 
partment and corridor are placed heat- 
sensitive detectors which come into 
operation at temperatures between 
125°F and 135°F. Their signals are 
indicated in central fire control. 

On receipt of a signal, the factory 
brigade turns out and the alarm is 
sounded over the works loud-speaker 
system. Each section of the fire detec- 
tion network is equipped with a tele- 
phone utilizing the same wiring sys- 
tem, so that a report can be sent from 
the scene back to central control. The 
detection equipment is designed to 
send a pre-recorded message to the 
Middlesex Fire Brigade and this is 
used if the report to central control is 
for assistance. 

Apart from the loud-speaker sys- 
tem, alarm bells and detectors, all 
equipment associated with the system 
is housed in one cabinet, situated in 
central control. This cabinet contains 
a panel bearing the names of each fac- 
tory section with appropriate dupli- 
cated red lights to denote fire out- 
break. In addition there are facilities 
for the plug-in telephone and controls 
for routine testing of the equipment. 

In all there are 2000 automatic de- 
tectors distributed throughout 26 sec- 
tions of the factory. In some offices 
the detectors are compensated on a 
basis of rate of rise and maximum 
temperature. This compensates for any 
fluctuations in outside temperatures 
from winter to summer. Another form 
of detector—break-line cable—is used 
in certain parts. 


DATA PROCESSING 
Computer reliability 


Discussion meetings (under the aegis 
of the British Conference on Automa- 
tion and Computation) on the reliabi- 
lity and maintenance of digital com- 
puter systems, were held at the Insti- 
tution of Electrical Engineers on Janu- 
ary 20 and 21. The proceedings were 
opened by Sir Willis Jackson, Presi- 
dent of the I.E.E., who observed that 
the average age of the delegates 
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seemed to be ten years younger than 
that of the audience he usually, faced 
in the same hall. He expressed a hope 
for more meetings of this kind, involv- 
ing co-operation across professional 
boundaries. Sessions | to 3, arranged 
by the British Computer Society, com- 
prised the following papers: * Opera- 
tional logging and recording techniques 
used in Government automatic data- 
processing installations and provisional 
deductions from results so far ob- 
tained by J. H. H. Merriman and 
C. W. Mortby. *‘ Management and 
organizational problems” by C. P. H. 
Marks. ‘Experience with organiza- 
tional problems in a business com- 
puter installation’ by H. E. C. Nash. 
‘Checking in electronic computation ’ 
by L. Fox and J. S. Rollett. * Program- 
ming strategy for protection against 
computer and operator errors in busi- 
ness programmes using large files of 
data contained on magnetic tapes’ by 
P. M. Hunt. * Programming techniques 
for protection against computer and 
operator /user errors’ by B. R. Tozer. 
‘Some engineering factors of impor- 
tance in relation to reliability of 
Government automatic data-processing 
systems * by J. W. Freebody and K. M. 
Heron. * Preventive maintenance pro- 
cedures on a computer’ by R. P. Gib- 
son and E. H. Lenaerts. * Systematic 
detailed recording of circuit safety 
margins as an aid to computer main- 
tenance’ by J. W. A. Richardson. The 
papers in sessions 4-6, arranged by the 
L.E.E., were as follows: * Component 
reliability’ by G. W. A. Dummer. ‘The 
relative importance of reliability and 
accuracy for different types of system ° 
by E. P. G. Wright and A. Y. Cooper. 
‘Experience in the use of marginal- 
testing techniques in valve and tran- 
sistor equipment ’ by J. P. Bunt. ‘ Some 
factors affecting reliability’ by A. A. 
Robinson and R. E. Hodgkinson. ‘ The 
influence of computer design on relia- 
bility and maintenance’ by P. H. U. 
Maguire. ‘Statistics and electronic 
units’ by A. Kruithof. ‘Computer 
methods applied to the design of digi- 
tal circuits for reliability’ by G. W. 
Monk and M. E. Wiseman. ‘ Reliabi- 
lity of magnetic-tape systems’ by D. W. 
Willis. ‘Some techniques used in im- 
proving the reliability of input and 
Output equipment’ by C. C. Jones. 
‘Factors affecting the reliability of 


peripheral equipment’ by F. W. Pear- 
son. 


LF.LP.S. ratified 


Twelve nations have now ratified the 
statutes of the International Federa- 
tion of Information Processing Socie- 
ties, which will now provide an inter- 
national meeting ground for experts 
in computer technology. The Federa- 
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Central Technical Services of the 
U.K.A.E.A.’s Research and Development 
Branch, Risley, incorporates a Com- 
puter Section—one of the largest of 
such facilities in Europe 
The Section has two digital computers, 
an 1.B.M. 704 (above) which has a high- 
speed magnetic core store and a magne- 
tic-tape backing store — automatic 
data transmission enabl>s the 1.B.M. 
machine to be used by Harwell’s staff; 
and a Ferranti Mercury (left) which 
also has a core store plus magnetic 
drums backing. Electronic Associates’ 
Pace analogue computer (below) is 
mainly employed on reactor control 
problems 





tion was formed as a direct result of 
the International Conference on In- 
formation Processing, sponsored by 
Unesco and held in Paris last June. A 
provisional bureau has been estab- 
lished, with Isaac L. Auerbach, repre- 
senting the National Joint Computer 
Committee of the U.S.A., as provi- 
sional chairman. Also named as on the 
provisional committee were Professor 
A. A. Dorodnicyn, of the U.S.S.R., 
and A. van Wijngaarden, of the 
Netherlands, vice-chairmen, and J. A. 
Mussard, of Unesco, secretary. It is 
expected that the first meeting of the 
LF.I.P.S. council, later this year, will 
result in plans for a second Inter- 
national Conference on Information 
Processing with an associated techni- 
cal exhibition in 1963. 

Membership in the I.F.I.P.S. now 
includes: Computing and Data Pro- 
cessing Society of Canada; Danish 
Academy of Technical Sciences ; Fin- 
nish National Committee for Infor- 
mation Processing; Association Fran- 
caise de Calcul; Deutsche Arbeits- 


gemeinschaft fiir Rechen-Anlagen ; 
Nederlands Rekenmachine Genoot- 
schap; Instituto de Electricidad y 
Automatica ; Swedish Society for In- 
formation Processing; Swiss Federa- 
tion of Automatic Control; British 
Computer Society; National Joint 
Computer Committee (U.S.A.); the 
Computing Centre of the Academy of 
Sciences of the U.S.S.R. 


Collecting production-line data 

A reduction in the time-lag between 
the origination of data and their sub- 
sequent processing is said to be ex- 
perienced at Boeing, following the 
introduction of the new I.B.M. 357 
data-collection system. This provides a 
network of reporting stations on the 
production line through which infor- 
mation about work-in-progress is 
transmitted directly to a central data- 
processing point. 

The operation of the system depends 
on the insertion of pre-punched cards 
by the operator into an input station 
to give up-to-the-minute reports on 
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job progress. From information fed 
into the input unit a punched card is 
produced automatically and is avail- 
able for immediate use in a data pro- 
cessing system. 

The data system in use at Boeing 
provides information on progress in 
all areas of the plant. It is understood 
that delay in transmitting important 
data, and the consequent loss of much 
of its value and timeliness, is being 
largely eliminated. For instance, man- 
agement can obtain such current in- 
formation as where an order stands at 
any moment in the production cycle, 
the stage of each component or sub- 
assembly, and which machine tools 
are in operation or temporarily out of 
action. 

Each data-collection system con- 
sists of up to twenty input stations, 
with keyboards for sending additional 
variable information, an output sta- 
tion in the data-processing room 
which presents the input information 
in punched-card form, and a control 
unit which selects the sequence in 
which data is transmitted from the 
various input stations. CONTROL under- 
stands that an I.B.M. 357 system 
capable of handling up to 1000 reports 
in an hour, would cost about £700 a 
month. 


—COMPONENTS. 
Automation at Gem Mill 


Ferranti’s semiconductor plant at 
Gem Mill, which CONTROL visited last 
month, is capable of producing 43,000 
diodes a week now that automatic 
assembly techniques are employed. 
These diodes—the ZS310 series—are 
used for general rectification and in 
magnetic amplifiers, aero-engine con- 
trols, aircraft power supplies, guided 
missiles and process control systems. 

All operations in the final assembly 
of the header, such as flash-welding 
the wire on the back of it, and passing 
it through a hydrogen furnace to re- 
move oxidation, are now carried out 
by automatic transfer mechanisms. 
Such stages as copper and gold plating 
the header assembly, and pre-solder- 
ing the dice to the header, are still 
carried out by non-automatic means. 

The mechanisms used for the assem- 
bly of the lead wire to the header is 
controlled from a common camshaft, 
the use of which enables the overall 
index figure, normally 8s, to be 
varied at will. The headers, which are 
produced on high-speed automatic 
machines at another Ferranti factory 
in Oldham, are washed and de-greased 
before they are placed into a hopper 
at one end of the automatic machine. 

From the hopper, the headers are 
sorted and presented one at a time to 
a magazine. An escape mechanism re- 
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leases the header down an inclined 
chute on to an indexing table where it 
is blown into a cup by an air jet. 
Each time the table indexes, a vacuum 
arm picks up a header and moves it 
through 180° to another vacuum arm 
which in turn transfers it to a second 
table where it is located in a Nimonic 
alloy jig. This table then indexes 
round and presents the header to the 
lead wire, and an oxy-coal-gas flame 
welds the two together. After welding, 
the wire is measured and cropped to 
length. 

The completed header is then in- 
dexed to a position where it is blown 
out of the jig and up through a tube 
in the form of an inverted U which 
transfers it to a small hydrogen fur- 
nace where oxide formed during weld- 
ing is removed. The component is 
then copper- and gold-plated. 

The header, with solder disk and 
silicon dice mounted on top, and in 
contact with each other, is next 
assembled in a jig which is passed 
through a hydrogen furnace for about 
15 min. During the cooling cycle the 
dice adheres to the top of the header. 

Post-etching treatment, which is the 
next stage, is also carried out auto- 
matically. Etching liquors—a mixture 
of hydrofluoric, acetic and nitric acids 
—are stored remotely in a cabinet 
outside the area where the operator 
works. A rotary indexing table passes 
the components through a series of 
etching, cleaning and drying stations 
before the final index position where 
automatic varnishing is carried out. 
The index position before varnishing 
is utilized for checking the polarity of 
the dice by means of a wire probe. 
The index figure of this mechanism is 
variable from 5 to 10s and the 
period in which the dice is exposed to 
the atmosphere is limited to 17s. 
The etching liquor is constantly re- 
circulated. 

Before final encapsulation, which is 
carried out by an automatic machine 


with an indexing time of 15s, a sol- 
der ring is placed round the header 
plinth together with a small solder 
disk on top of the silicon dice, the 
whole being located in a ceramic 
chuck. The can, complete with glass 
seal through which the lead wire and 
compensator pass, is located directly 
above the plinth. The whole assembly 
is then placed in a vacuum chamber. 

The machine indexes round through 
a series of eddy-current heating posi- 
tions until, at a pre-determined time 
when ring and disk are molten, a trip 
mechanism allows the can to drop on 
to the plinth, thereby locating the 
compensator on top of the dice which 
is positioned directly below it. The 
table continues to index during which 
time the assembly is allowed to cool 
to form the hermetically-sealed en- 
capsulation. 

CONTROL understands that as a re- 
sult of this mechanization, the price of 
the ZS310 series diodes will eventually 
be reduced. At present the price varies 
between 9s. and 24s., depending on 
the peak inverse voltage (SO—400 volts). 


IN BRIEF 


S.I.M.A. in Russia. An exhibition of 
British scientific instruments will be 
held in Moscow from June 16-20, 
1960. Details are available from The 
Scientific Instrument Manufacturers’ 
Association of Great Britain, 20 Queen 
Anne St., London, W.1. 

Gas-liquid chromatographic apparatus 
(thirteen equipments) to the value of 
£16,000 have been ordered from Grif- 
fin and George for use in Russian 
universities. 

Morgan Components Lid. is the new 
name for Synthetic Carbon and Engin- 
eering Co. Ltd., a subsidiary of the 
Morgan Crucible Co. 

Non-destructive testing. Kelvin & 
Hughes and Curtiss-Wright, U.S.A., 
have agreed to manufacture and sell 
each other’s non-destructive test equip- 


NOT SO SEMI-CONDUCTING. The latest automatic transfer line for transistor 

manufacture at Semiconductors’ Cheney Manor plant. The original equipment at 

Semiconductors was by Philco, U.S.A., and had nine operating heads. Apart from 
other features, the new equipment has 22 operating heads 
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ment; Kelvin-Hughes in the U.K., the 
Commonwealth (except Canada), and 
Curtiss-Wright in North America. 
Hydraulic pumps in the Vickers range 
(type PV3915, variable delivery) have 
been ordered from Sperry Gyroscope 
for installation in the 24 Airco DH121 
jet airliners for B.E.A. 
Communications test gear by Siemens 
& Halske is now available from R. H. 
Cole (Overseas) Ltd., 2 Caxton Street, 
London, S.W.1, the sole U.K. im- 
porters and distributors. 

Professor of Computer Engineering has 
been appointed at Manchester Univer- 
sity. He is Dr. T. Kilburn, who was 
the University’s Reader in Electronics. 
U.K.A.E.A. patents are available for 
industrial use. Details: Patents Exploi- 
tation Officer, United Kingdom Atomic 
Energy Authority, 11 Charles II St., 
London, S.W.1. 

Fluorescent lamp making machinery— 
a complete factory installation—is be- 
ing exported to Melbourne, Australia, 
by Thorn Electrical Industries. This 


LOOKING 
AHEAD 


Unless otherwise indicated, all events take 
place in London. B.C.S. British Computer 
Society, Brit. 1.R.E. British Institution of 
Radio Engineers, 1.E.E. Institution of Elec- 
trical Engineers, R.Ae.S. Royal Aeronauti- 
cal Society, S1.T. Society of Instrument 
Technology. 1.Mech.E. Institution of Mech- 
anical Engineers. 


TUESDAY 9 FEBRUARY 

Drift Correction of D.C. Amplifiers by D. 
Leighton Davies. 6.30 p.m. Computer 
Group. Brit.I.R.E. 


THURSDAY 11 FEBRUARY 

Measurement, Automatic Control and Data 
Reduction as Applied to a Cyclic Plant by 
T. A. Lucas, S.1.T. 


TUESDAY 16 FEBRUARY 5 
Discussion on Soviet Control Engineering 
Progress. Opened by R. E. Clark. 5.30 p.m. 
LE.E. 


WEDNESDAY 17 FEBRUARY 
Faraday Lecture—Electrical Machines by 
Prof. M. G. Say. Central Hall, London. 


THURSDAY 18 FEBRUARY 
Missile Control Problems by D. Best. 
R.Ae.S. at 1.Mech.E. 


FRIDAY 19—TUESDAY 23 FEBRUARY 

Third Salon International de La Piéce Dé- 
tachée Electronique (Electronic Component 
Show), Parc des Expositions, Porte de Ver- 
sailles, Paris. 


MONDAY 22—FRIDAY 26 FEBRUARY _ 
First Engineering Materials and Design Ex- 
hibition and Conference, Earls Court. 


TUESDAY 23 FEBRUARY 
Backscatter Method of Wall Thickness 
om by D. F. White. 6.30 p.m. 


Ultrasonic Resonance Method of Wall 
Thickness Measurement by M. V. James. 
6.30 p.m. S.L.T. 


WEDNESDAY 24 FEBRUARY 

The Unification of Electronic Clinical In- 
struments by Dr. F. D. Stott. 6.30 p.m. 
Brit.1.R E. 
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large consignment was built by Thorn’s 
subsidiary, Manifold Machinery Co. 
Airmec’s new Birmingham showroom 
is at 11 Union House, Union Drive, 
Sutton Coldfield, under D. T. Wilson. 
Communications: 45 1kW _ tropo- 
spheric scatter amplifiers, worth to- 
gether about £250,000, are being built 
by Pye Ltd. for the Supreme Head- 
quarters Allied Powers in Europe for 
use in a N.A.T.O. telecommunications 
network. 

Semiconductor materials: ‘ hyperpure’ 
silicon by Trancoa Chemical Corp. is 
available from New Metals and Chem- 
icals Ltd., the sole U.K. agents. 
Parvalux telephone number has been 
changed to Parkstone 5411/2. 
Investment casting service in a com- 
prehensive range of non-ferrous metals 
is offered by the Autop Foundry of 
Smiths Motor Accessory Division. 
Electronic tank contents gauge (Gil- 
barco-Firth Cleveland) of Firth Cleve- 
land Instruments will be marketed in 
Norway by A/S Garek of Oslo. This 





TUESDAY | MARCH 

Lecture on Digital Computer Development 
at Manchester University by T. Kilburn, 
5.30 p.m. LE.E. 

THURSDAY 3 MARCH 

Sixth Graham Clark Lecture on The Engin- 
eer and Civilization by Sir Hugh Beaver. 
5.30 p.m. LE.E. 

FRIDAY 4 MARCH 

Discussion on Direct Writing Oscillographs 
Opened by A. Smale and S. N. Pocock. 
6 p.m. I.E.E. 

MONDAY 7 MARCH 

Data Reduction for Guided Weapon Trials 
at Aberporth by A. S. Younger, G. C. 
Morgan and E. S. Mallett. 7 p.m. S.LT. 


TUESDAY 15 MARCH 

Fast-Response Transistor Chopper-Type 
Amplifier with Low Carrier Frequency by 
nh Hutcheon and D. Summers. 5.30 p.m. 


SATURDAY 12—MONDAY 21 MARCH 
42nd International Trade Fair, Lyons. 


WEDNESDAY 16 MARCH 

The Simulation of a Large Chemical Plant 
on an Electronic Analogue Computer by 
A. H. Doveton and K. C. W. Pedder, S.1.T. 


MONDAY 21—TUESDAY 22 MARCH 
Discussion on The Computer in Production. 
1.Mech.E. 


TUESDAY 29 MARCH 
Application of Transistors in Instrumenta- 


tion by G. G. Bloodworth. S.1.T. 


TUESDAY 5 APRIL 

Thermistors — their Theory, Manufacture 
and Application by R. W. A. Scarr and 
R. A. Settrington. 5.30 p.m. I.E.E. 


TUESDAY 5—SATURDAY 9 APRIL 
Ninth Electrical Engineers 
Earls Court. 


Exhibition. 


THURSDAY 7 APRIL 

The Electronic Computer as a Unit in an 
Automatic Electronic Data Processing Sys- 
tem for Missile Trials by W. C. J. White 
and D. L. Overheu, S.1.T. 


Novel Methods of Speed Control Applied 
to Standard Three-Phase Squirrel Cage In- 
duction Motors by G. K. Creighton and 
W. M. Somerville. 5.30 p.m. L.E.E. 

Preset Screwdown Control in Steel Rolling 
Mills by R. M. Epps. 5.30 p.m. LE.E 
Linear Electrical Machines by P. J. Lawren- 
son. 5.30 p.m. LE.E 
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is in addition to existing arrangements 
between Simmonds  Aerocessories, 
Firth Cleveland Instruments and A/S 
Haneborg & Fleischer of Oslo. 
International Instrument Show is no 
longer to be held, as the organizers, 
B. & K. Laboratories Ltd., feel that its 
international aspect is now catered for 
by other exhibitions. 

Triga nuclear reactors by General 
Dynamics Corporation’s General 
Atomics Division will be manufactured 
and sold in the U.K. by Vickers- 
Armstrongs. 

10,200 telephones (Centenary Neo- 
phone) have been ordered by the Irish 
Posts and Telegraphs Department from 
A.E.I. Telecommunications Division. 
Fuel element laboratory. A contract 
for the design and provision of the 
world’s most advanced irradiated fuel- 
element cave laboratory has _ been 
awarded to E. G. Irwin and Partners 
by the U.K.A.E.A. To be installed at 
Windscale, the capital value approaches 
£M1. 


FRIDAY 8 APRIL 

Symposium on Data Handling and Display 
Systems for Air Traffic Control. 5.30 p.m. 
S.L.T. (All wishing to attend must register; 
forms available on application to S.1.T.) 


MONDAY 11—FRIDAY 15 APRIL 

Short Introductory Course on Analogue 
Computing Techniques. Loughborough Col- 
lege of Technology. Details: Dr. H. Buck- 
ingham, Loughborough. 


MONDAY 25—FRIDAY 29 APRIL 

Ist International Compressed Air and Hy- 
draulics Exhibition and 2nd European Fluid 
Power Conference. London. 


MONDAY 25—SATURDAY 30 APRIL 
Production Exhibition, National Hall, 
Olympia. 


TUESDAY 26 APRIL 

An Experimental Transistor-Controlled 
Component Selection and Testing Machine 
by T. C. Cardwell, J. R. W. Smith and 
G. H. King. 5.30 p.m. LE.E. 

Control Section Annual General Meeting. 
6.15 p.m. Some Recent Advances in Indus- 
trial Electrical Control Techniques. S.1.T. 


LOOKING FURTHER AHEAD 


TUESDAY 3 MAY 

Discussion on Teaching and Learning Mach- 
ines. Opened by C. E. G. Bailey. 5.30 p.m. 
1.E.E. 


TUESDAY 3—FRIDAY 13 MAY | / 
Mechanical Handling Exhibition and Con- 
vention, Earls Court. 

FRIDAY 6 MAY 

Discussion on Methods of Recording Meas- 


urements—Digital or Analogue. Opened by 
W. J. Perkins. 6 p.m. L.E.E. 


MONDAY 23—SATURDAY 28 MAY 
Instruments, Electronics and Automation 
Exhibition, Olympia. 


WEDNESDAY 25 MAY 

Discussion on New Semiconductor Devices 
and their Possible Applications. Opened 
by A. F. Gibson and G. King. 5.30 p.m. 
1.E.E. 

FRIDAY 24 JUNE—FRIDAY 8 JULY 
International Machine Tool 
London. 


Exhibition, 


MONDAY 27 JUNE—WEDNESDAY 6 JULY 
Moscow Congress for Automatic Control. 
Details: Hon. Sec. Group B, B.C.A.C., c/o 
LE.E. 
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IDEAS APPLIED... 


-..-to TEMPERATURE 


Precision temperature measurement 
under industrial conditions 


W. H. P. LESLIE and J. J. HUNTER, 
National Engineering Laboratory, East Kilbride 


Temperature may be measured very 
accurately in the range 0-100°C, under 
practical engineering conditions. The 
accuracy attained approaches that 
achieved under the ideal conditions 
of the physics laboratory, where plati- 
num resistor thermometers, and bulky, 
fragile, resistor-bridges are used, largely 
as developed by Callendar some seven 
decades ago. In this new approach, a 
rugged resistor-thermometer, having 
dual elements of high and low tem 
perature-coefficient resistive materials, 
are used together with alternating- 
voltage transformer-ratio-arm bridges 
which are more rugged, more accur- 
ate, and easier to construct than the 
existing direct-voltage bridges. 


The resistor thermometer 


The accepted construction for accur- 
ate platinum resistor thermometers in- 
volves mounting strain-free platinum 
wire loosely in slots in suitable insulat- 
ing material, so that no mechanical 
strain is induced in the platinum due 
to differential expansion on heating. 
This construction renders the platinum 
wire sensitive to external shock and 
vibration, and is thus unsuitable for 
engineering use. 

The N.E.L. Thermometer has ele- 
ments (which can be platinum or cop- 
per) made by the bi-filar winding of 
thin wire on a mandrel of the same 
material, fixed to it and insulated from 
it by the minimum of Araldite. This 
construction js rugged whilst avoiding 
differential coefficients of expansion 
by the use of substantially one 
material throughout. 

Copper has been used, since it is 
satisfactory in the 0-100°C range, is 
available in the form of very pure 
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wire, has been shown to be electrically 
stable, and is cheap. 

A further improvement has been the 
introduction of a second resistor of 
similar construction made from a low 
temperature-coefficient of resistance 
material such as Minalpha. The ratio 
of the resistance of the copper element 
to that of the Minalpha is used as an 
indication of temperature. It has previ- 
ously been customary to compare the 
copper (or platinum) resistor with a 
standard resistor of low temperature- 
coefficient installed in a temperature- 
controlled enclosure. 

In addition to avoiding errors due 
to the effect on this reference resistor 
of ambient temperature, vibration, and 
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age, a more important practical advan- 
tage is obtained by placing the Minal- 
pha resistor in the thermometer. The 
two resistors, copper and Minalpha, 
can be joined by a very short wire 
within the thermometer and thus errors 
due to voltage-drop in this lead are 
negligible. Such voltage-drop cannot 
easily be compensated for or elimin- 
ated in existing bridges, and necessi- 
tates (1) the second balancing with 
leads reversed in the Mueller bridge, 
(2) the matched leads and the ganged 
resistors in the Smith bridge, and (3) 
the carefully matched leads in the Cal- 
lendar bridge. 

Figure | shows a section through 
the dual-element N.E.L. thermometer 
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Minalpha and copper wire 
non-inductively wound 


mounted in a 2000 Ib/in.? sheath. The 
resistive elements are each of 1000 
at 0°C, and owing to the good thermal 
conductivity of the design there is 
only 0-01°C temperature difference be- 
tween the copper resistor and the cop- 
per end-stud when carrying a 10mA 
measuring current. Provided this cur- 
rent is not allowed to vary more than 
5% the temperature of the stud is 
known to within 0-001°C. Use of the 
more normal 1 or 2mA_ measuring 
current causes negligible temperature- 
rise and provides a voltage-change of 
0-4V from the 0:00040 resistance 
change due to 0:001°C temperature 
change. This is an order greater than 
the output from a thermocouple. 


Measuring circuit 


The fact that, since Callendar’s day, 
direct-voltage bridges have been used, 
reflects much credit on the craftsmen 
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who have made the bridges, and on 
the operators who have overcome the 
effect of thermo-electrical and electro- 
chemical parasitic voltages which are 
so like the ‘ signal” being dealt with. 
The resistors in the bridges are, like 
the thermometers, loosely mounted 
strain-free wires easily upset by vibra- 
tion. 

During the last three decades the use 
of transformer-ratio-arm bridges has 
been shown in various applications to 
be more accurate and less affected by 
environment. They achieve accuracies 
of 1 part in 10° or better, and the 
ratios are fixed by the ratios of turns 
on magnetic cores, a more stable 
and predictable property than that 
possessed by resistors used in other 
bridges. 

Transformer bridges can operate 
only with alternating voltages, but this 
eliminates errors due to thermal and 





I 
Fig. 4 Direct bridge—two remote 
thermometers 


chemical voltages and also due to drift 
in the detector. In Fig. 2 the impedance 
of leads 100 ft long has negligible effect 
on accuracy: the supply leads are not 
in the bridge proper—the leads to the 
transformer ratio arms have negligible 
impedance relative to that of the ratio 
arms and detector, so that the full volt- 
age across the thermometer also 
appears across the ratio arms—the 
voltage drop across short lead between 
X and Y is negligible. 

Even when the N.E.L. thermometer 
with dual elements is not used, it is 
possible in alternating-voltage bridges 
to compensate for the effect of volt- 
age drop in current-carrying leads as 
in Fig. 3, or to avoid the effect as in 
Fig. 4. Using these methods it is pos- 
sible to average the temperature from 
a number of thermometers as in Fig. 
5. These methods are impossible with 
direct-voltage bridges. 

Test results 

Preliminary tests were made on the 
stability of calibration of two single 
copper elements, separately mounted, 


sheathed, and connected by plug and 
Socket alternately to a transfo-m-r- 
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ratio-arm. The ratio of the resistance 
of these two elements when at the 
melting point of ice made from dis- 
tilled water was found to repeat to | 
part in 10° in a four-month period 





Fig. 5 Direct bridge—3-dual or 6-single 
thermometers 
during which they were cycled several 
times between 0 and 100°C, and were 
also used in an engineering rig. 
Detailed calibration in the range 0 
to 100°C can conveniently be referred 
to values at 0 and 100°C and re- 
lated to a platinum thermometer for 
interpolation between these points. 
This work has still to be completed 
on two dual-element thermometers 
now under test. 


-- fo ANGULAR SPEED 





Conventional tacho-generators may 
prove unsatisfactory where a_ truly 
linear relationship between speed and 
Output is required, or where a wide 
range of speeds has to be measured. 
A tachometer which measures speed 
in terms of current output has been 
demonstrated by Professor F. C. 
Williams of Manchester University. It 
has no brushes, hence presenting a 
light mechanical load, and will mea- 
sure speeds as low at 0:1 rev/min. 
The principle of operation was des- 
cribed fully in these columns by E. M. 
Dunstan (September 1959), and 
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IDEAS APPLIED .. . 


Williams has shown the tachometer 


used in a feedback system. » 
Briefly recapitulating, the speed of 
a conducting cylinder is determined by Be 


measurement of the quadrature field 
it sets up in passing through a primary 
field. The quadrature field is sensed by 
a second-harmonic flux-detector, and 
the output from the detector creates 
a null quadrature-field, when applied 
to feedback windings. The detector 
thus works in a region of low quadra- 
ture-flux-density and its output may, 
therefore, be taken as linear over a 
small working range. 

The mechanical structure is shown 
in Fig. 1, and the schematic diagram 
(Fig. 2) shows the tachometer used in 
the feedback system. 

When the conducting cylinder is 
rotating, quadrature flux generated 
will polarize the detector head. The 
second-harmonic detector, which is ex- 
cited from a 50 kc/s supply, will now 
give a 100 kc/s output, and this out- 
put is fed to a phase-sensitive rectifier. 
The output from the phase-sensitive 
rectifier passes through stabilizing net- 
works to a d.c. amplifier. The output 
current from the amplifier is fed back 
through feedback windings so that the 
initial quadrature or induced flux is 
reduced towards zero. The amplified 
output current can be used directly as 
a measure of speed. 


Fig. 1 50-ke/s 
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PEOPLE 
IN CONTROL 


by Staffman 





Unlike many of their competitors, 
Directors of Ferranti are not over- 
reticent about the financial problems 
which beset the forward-looking con- 
cern. J. N. Toothill who writes this 
month’s Industry’s Viewpoint, so aptly 
entitled ‘The Development Lark’ 


(page 99), once told me that Ferranti’s 
had sunk £500,000 into machine tool 
control, and had no chance of getting 
the money back. At Wythenshawe, 
last month, Sebastian Z. de Ferranti, 
Managing Director of Ferranti, said 





EVANS FERRANTI 
navigator buster 
the company had already spent 


£500,000 on research and develop- 
ment in the semiconductor field and 
would spend a further £M1 during the 
next five years. He went on to say 
‘We always solve our technical prob- 
lems in the end, even if we bust our- 
selves doing it. We've been bust twice.’ 
The other side of the ledger is pre- 
sented in Ferranti’s remark that they 
market the largest range of silicon 
semiconductors in this country, and 
have captured the largest share of that 
market. 


The instrument industry's annual 
turnover is £M35 according to 
Vv. D. MacLachlan, Chairman of 
B.I.M.C.A.M., speaking at the Asso- 
ciation’s annual luncheon. The toast 
to the guests was proposed by 
B.I.M.C.A.M.’s_ President W. G. 
Thomas, who introduced S. W. J. 
Wallis of British Petroleum to reply 
on their behalf. Wallis called for 
closer collaboration between makers 
and users of instruments. He further 
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KING THOMAS MacLACHLAN GUMMER 
waiting for computer control? 


remarked that plants were increasingly 
being built incorporating integrated 
control systems, and that in the last 
year alone he had been concerned 
with no less than five such computer- 
controlled integrated systems. 

My heading illustration shows: 
C. R. King, Chairman of the Elec- 
tricity Council, who recalled that in 
1927 the ratio of manpower to output 
was 2-8 per 1000kW and said that 
the adoption of modern instrumenta- 
tion had reduced this figure to 0-4 per 
1000 kW; Thomas; MacLachlan; and 
R.. H. Gummer, Past-Presideni of the 
Institute of Fuel. 


S. S. Carlisle, Head of B.I.S.R.A.’s 
Physics Department, has been appoin- 
ted an Assistant Director of the 
British Iron and Steel Research 
Association. An ex-Admiralty scientist 
concerned with radar and gun control, 
he joined the Association in 1946 and 
worked on the development of meas- 
uring and control systems for furnaces 
and hot-strip width measuring tech- 
niques. Carlisle visited the U.S.S.R. 
last year, as a member of the I.E.E.’s 
delegation studying automation in the 
Soviet. His responsibilities now in- 
clude the co-ordination of B.I.S.R.A.’s 
work on automation and information 
handling. 


General Precision Systems (ex-Air 
Trainers Link) have appointed Charles 
Evans and Peter C. Haines to their 
Air Traffic Management division 
under E. W. Pike. Evans was B.O.A.C. 
Fleet Navigation Officer, Britannias, 
and has been concerned with the op- 
erational research aspects of air traffic 
control. Haines has been with the 
Ministry’s Air Traffic Control Experi- 
mental Unit and was concerned with 
future needs for information handling 
equipment. Last October he presented 
a paper to the Advisory Group on 
Aeronautical Research and Develop- 
ment of N.A.T.O., which referred to 
a special computer shortly to be 
installed at the Oceanic Aircraft 


Control Centre, Prestwick, for experi- 
mental purposes. 





Appointed Chief Engineer of the 
new Hydraulic Servo Division of 
Baldwin Industrial Controls is J. C. 
Wells (ex-Solartron), a man who feels 
that the virtues of hydraulic control 
are not fully appreciated. He tells me 
that ‘ we hope to put quite an effective 
step function into the rate of automat- 
ing the machine shop. There is grow- 
ing interest in the hydraulic servo 
especially where long term—five years 
or more—reliability is required.’ 

B. A. Worswick, who has been ap- 
pointed Technical Director of Elcon- 
trol, with a seat on the Board, was 
until recently Chief Engineer of 





WELLS 
hydraulic amplifier 


WORSWICK 
automator 


Fischer & Porter, and prior to that 
Chief Development Engineer of Bailey 
Meters and Controls. He tells me that 
‘there is a growing trend towards 
automation of the smaller plant.’ 





The System Engineering Group of 
de Havilland Propellers seems to be 
coming along apace. In January, 
D. P. Taylor and F. B. Chaventré 
joined the Sales Division which is 
under the direction of C. R. Burgess. 
Taylor (ex-Solartron and E.M.lI. Re- 
search) will assist with the sale of the 
Propeller Company's industrial and 
laboratory electronic = equij:ment. 
Chaventré (ex-Electroflo Meters and 
Sunvic Controls) will be concerned 
with process control. 
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Zero-point position 


Accuracy 





ee56e Balancing force 

Damping of the servc-system 
Bridge current 

Amplifier 


Permissible input impedance 


Permissible D.C. voltage 
across input terminals and 
earth 


Fermissible A.C. voltage 


Y-CHANNEL 

Direction of pen movement 
Graduation of scale 

Length of scale 


Balancing time 


AY RECORDER = 
Dy PHILIPS 


Philips X-Y recorder PR.2220A 00 records the relation- 
ship between two variables which can be represented 
by sma‘l D.C. voltages. The unit consists of two 


Response time 


Recorcing unit 





MEASURING RANGES 
Y-CHANNEL 


comp!ete y independent measuring circuits operating 
on the automatic zero balancing principle, in which 
the pen is operated by one of the circuits and the 
chart drive by the other. Leaflet IM4-A12 gives 

full technical details — write for your copy now. 





X-Y RECORDER TYPE PR.2220A/00 


at 0, 20, 40, 50, 60, 80 and 
100%, of the full scale 


0.5% 


a2.a 


Approx. 300 grams. 
critically adjustable. 

I mA + 0.1%. 

A.C. amplifier, plug-in type. 


400()/mV of measuring 
range selected * 


1000 x span, 100 V maximum * 





across input terminals 0.00! 
xX span; across input terminals 
and earth 100 x span* 


* Criterion cf reproducibility 0.1%. 


horizontal. 
linear from 0 to 100. 
250 mm. 


I sec. for full scale deflection. 


vertical upwards or downwards. 
preprinted strip chart. 


250 mm: after change of 
transmission ratio 360 mm. 


2 sec. 


ink container and capillary 
stylus for 0.3 mm line width: 
tear-off arrangement for 
recorded diagrams. 


X-CHANNEL 


‘a The Philips X-Y Recorder is a 
Sole distributors in U.K. : Product of N.V. Philips, Eindhoven. 


RESEARCH & CONTROL INSTRUMENTS LTD 


Instrument House - 207 King’s Cross Road - London - WG-1 


Telephone: Terminus 2877 
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STOP VALVE 


solenoid operated 
It comprises a standard discharge-valve 
and a solenoid-operated pilot-valve, t>e 
latter controlling a by-pass line across 
the main valve. When the current is 
switched on, the pilot valve opens and 
fluid flows through the by-pass line 
across an orifice. The low-pressure side 
of the orifice communicates with the 
main valve cover, which is separated by 
a diaphragm from the main inlet. The 
resulting pressure difference across the 
diaphragm is used to open the main 
spring-loaded plug valve. If the electric 
current fails, the pilot valve closes, cut- 
ting off the flow through the by-pass 





Fails safe 


line, and destroying the pressure drop 
across the orifice. The pressure across 
the diaphragm therefore equalizes, and 
the plug-valve closes under spring action, 
shutting off flow through the main pipe- 
line. The valve, made by Simmonds, can 
be arranged to open on the failure of 
the electric curent. In this case, the main 
valve is held closed by the establish- 
ment of the current. 

Tick No 523 on reply card 


PROXIMETER 


good sensitivity 
A proximeter by Donner (U.S.A.) is a 
transistorized linear transducer with a 
maximum sensitivity of 3-3 volts for 
0-0001 in. It has an adjustable zero and 
may be used to measure the movements 
of objects to very fine tolerances. The 
instrument, which may be battery oper 
ated, is about 3 X 14 X 14 in. complete 
with amplifier, and the sensing head may 
be separated to give a smaller unit. The 
maximum output is + 10V with a fre- 
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A monthly review of system components and instruments 


quency response essentially flat from 0 to 
200 c/s. 

The zero adjustment depends on the 
material of the reflector: with alumin- 
ium, zero voltage on this instrument may 
be obtained by adjusting from 0-004 to 
0-012 in., and for steel from 0-0015 to 
0:25 in. A low-sensitivity instrument is 
also available, with sensitivity as low as 
1-5 V for 0-001 in. 

Further details from Newmark (Lon- 
don). 

Tick No 524 on reply card 


PRE-AMPLIFIER 


with miniature accelerometer 
A high input-impedance transistorized 
battery-operated pre-amplifier, suitable 
for use with piezo-electric transducers, is 





Frequency response flat to 30 Kc/s 


shown used with a miniature accelero- 
meter. Designed for rugged use, the pre- 
amplifier is claimed to require a minimum 
of attention, and sufficient gain is pro- 
vided to enable direct connexion into a 
valve-voltmeter or c.r.o. Frequency 
response is substantially flat from 2¢/s 
to 30 Kc/s. 

The amplifier is by Southern Instru- 
ments, and the accelerometer, which em- 
ploys a barium titanate ceramic element, 
is the G.E.C. type G288. 

Tick No 525 on reply card 


FLOWMETER 


automatically stabilized 


Automatic temperature and static-pres- 
sure stabilizing is featured in a bellows 
type flowmeter. It is claimed to be the 
most stable of its kind in operation yet 
developed, and should operate efficiently 
in ambient temperatures between — 40 
and + 250°F, with an accuracy of 
05%, full-scale differential-pressure. 
This instrument, which is also suitable 
for liquid-level-measurement, incorpor- 
ates a rapid-pulsation damping-device and 
positive overload-protection. 





Easy installaticn 


Fifteen different ranges from 0-20 to 
0-400 in. water are available, and the 
bellows and all parts of the bellows 
assembly exposed to the process-fluid are 
of stainless steel. Ease of installation is 
assured by pressure connexions for verti- 
cal and horizontal piping which can be 
positioned at either the top or the bot- 
tom with no change of parts. 

Specification sheet $292-2a is ava‘lable 
from Honeywell Controls. 

Tick No 526 on reply card 


POWER SUPPLY 
high stability 

Stability of + 100 mV d.c. is claimed for 
a compound-regulated dual power sup- 
ply. Outputs are + 300V and — 300V 
d.c., regulation being 0-01% (input 
105-125 V a.c.) and 0-0007% (output 0- 
100 mA). Internal impedance at d.c. is 
0-01 2 maximum. 

The R-100B is available from Philbrick 
Researches, U.S.A. 
Tick No 527 on reply card 


HEAVY-DUTY MOTOR 


for valve operation 


A heavy-duty electric motor for operating 
butterfly and rotary-stem valves, dampers 
and louvres, or vertical-acting slip-stem 
valves, is available from Honeywell Con- 
trols. 

It consists of a reversing capacitor-type 
motor with a gear-train to give the re- 
quired timins. Various speeds are avail- 
able ranving from 9 to 144s for 180° 
rotation or full-strcke operation. Maxi- 
mum torque-output is 2001Ib-in., and 
there is an internal brake to hold the 
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[New for Control] 





Wide ambient range 


load in any position without hunting or 
coasting when the motor is de-energized. 

Models are available for two position, 
floating, or proportional control action. 
Cam-operated micro-switches control the 
extent of motor travel in either direc- 
tion, and up to four auxiliary switches 
of the same kind can be incorporated 
A re-transmitting slidewire can be sub- 
stituted in the proportional-control 
model. 

All components of the ‘ Actionater ’ 
are contained in a die-cast aluminium 
housing; it will work continuously with- 
out appreciable loss of efficiency in am- 
bient temperatures between 25 and 
150°F, and should require no mainten- 
ance. Specification Sheet $804-3 gives full 
details and is available on request from 
Honeywell Controls. 

Tick No 528 on reply card 


PRESSURE SWITCH 


fast operating 
This piston-type pressure-switch has been 
designed specifically for hydraulic instal- 
lations where high rates of operation and 





Available up to 5000 Ib/in? 


sudden applications of pressure are en- 
countered. The pressure element com- 
prises a stainless steel housing and piston 
fitting with an O-ring seal operating 
against a spring. Use of this type of seal 
does away with the necessity for the oil 
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bleed return which is required on most 
types of piston switches. Two models, 
0-2000 and 0-5000 Ib/in? are available 
from K.D.G. Instruments. Models are 
also available with pressure-setting dials. 
Tick No 529 on reply card 


SOUND-LEVEL METER 


portable 
Claimed to be the first fully transistorized 
commercial sound-level meter in the 
world, the 1400E consists essentially of 
a non-directional microphone feeding 
into a high-impedance input-circuit, fol- 


ae - 


Lightweight 


lowed by an amplifier comprising three 
groups of three transistors employed in 
the grounded-base or grounded-collector 
configuration to ensure a high degree of 
stability. Two additional transistors give 
a ‘monitor’ position and drive a metal- 
rectifier circuit, the output from which 
approximates to a true r.m.s indication. 

Made by Dawe Instruments, the unit 
is battery-operated and weighs only 4 Ib. 
Tick No 530 on reply card 


HYSTERESIS MOTOR 


full-load starting 
Advantages claimed for a_ hysteresis 
motor include ability to start under full 
load, completely synchronous operation, 
a short (1-58in.) body-length, and that 
each motor can be used on either 200 V 
or 115V 3-phase 400c/s supplies. (A 
50 c/s version is under development.) 
Possible applications for this motor 
include: blowers in electronic equip- 
ment, and drive for programme units in 
missiles and computers. The 3-phase 4- 
pole motor has the following character- 
istics at 400 V:—Stall current: 145 mA; 
no-load current: 98mA; max. sync. 
torque current: 102mA; total stall 
input: 26 W; total no-load input: 7-0 W; 








max. sync. torque input: 15-0W. The 
weight is 440z. and the max. synchro- 
nous torque is 60g-cm. Further details 
from Smiths, Aviation Division. 
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ROTARY SWITCH 


adjustable contact position 
An auxiliary switch designed for linking 
mechanical movement with associated 
control, protective, and alarm circuits is 
announced by G.E.C. 

The contacts are silver plated, with a 
rating of 30 A, and will break inductive 
direct currents of 18 and 25A at 240 
and 110 V respectively. The angular posi- 
tion of each moving contact relative to 
the operating shaft may be adjusted by 
means of a simple vernier mechanism 
which forms an integral part of each 
moving contact assembly. This allows 
individual contact assemblies to be pre- 
set in any one of twenty-one effective 
positions, for a shaft rotation of 90°, for 
timing the making and/or breaking of 
the individual auxiliary circuits. 

Tick No 532 on reply card 


RECTIFIERS 


silicon controlled 


Five p-n-p-n_ diffused-silicon-controlled 
rectifiers, rated at 1 A from 50 to 400 V 
are now available from Texas Instru- 
ments. 

The range TI-100 to -114 provides 
output currents of 1A at 65°C case- 
temperature, and average rectified for- 
ward currents of 300 mA at 125°C case- 
temperature, with peak inverse voltages 
and minimum hold-off voltages from 50 
to 400 volts. The maximum gate-current 
required to fire is 20 mA, with maximum 
holding-current of 25 mA, and maximum 
leakage current at peak-inverse or hold- 
off voltage is 1 mA. 
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RELIEF VALVE 


pilot operated 
A relief valve with a working tempera- 
ture range of 0-100°C has been designed 
by Plessey’s Industrial Hydraulics Divi- 
sion. The type 1OHV pilot-operated relief 
valve is capable of accepting flows of up 


Heavy duty 
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V. The 
ynchro 
r PNEUTECHNIQUE 
sition . : ‘ 
sining «| air-operated proportional control gives 
sociated . . ° 
cuits is instant, flexible, reliable control of processes 
with a 
ductive Negretti & Zambra air-operated proportional ® ADVANTAGES OF COMPRESSED AIR 
at 240 controllers are eminently suitable for all applications OPERATION 
hse requiring a simple but efficient form of eeees Compressed air is easily and cheaply produced, 
sted by | Negretti & Zambra have made an extensive study easily cleaned, dried and disposed of by venting; 
thegiom of the many problems involved in the application it is non-corrosive and causes no wear on the 
8 onthe of automatic control to industrial processes; their component parts of the controller. Performance is 
allows range of controllers is one of the widest available virtually unaffected by variations in temperature. 
be pre- and has been designed after many years of close Above all, compressed air offers great flexibility 
Bective co-operation with the industries concerned. of action. 
90°, for ® WIDE VARIETY OF CONDITIONS 
king of =| These instruments control temperature, pressure or © ROBUST CONSTRUCTION 
vacuum, humidity, liquid level, specific gravity These controllers are designed to withstand adverse 
of liquids and many other conditions. operational conditions. The practical design, 
We illustrate a single-pen recording controller construction and first-class workmanship make 
of the proportional type. possible a full guarantee for two years. 
trolled 
aim | ® SIMPLICITY OF PRINCIPLE 
to 400 V This and simplicity of design result in a sustained 
, Instru- accurate performance; adjustment and 
maintenance are remarkably easy. 
provides 
- a © HIGH SENSITIVITY AND RAPID ACTION 
fied for- ; 
1” este Only a very small change in the controlled 
voltages condition is required to actuate the instrument 
from 50 and so restore the required conditions. 
e-current 
naximum ® HIGH-EFFICIENCY MEASURING UNITS 
nak ‘Lhe mercury-in-steel system fitted to temperature 
or hold- controllers is unaffected by vibration and 
varying barometric pressure. 
The elements fitted to pressure controllers are 
sensitive but extremely reliable — diaphragm types 
have been designed to minimise friction, backlash 
erated and hysteresis; Bourdon tubes have been developed 
to provide a very high degree of accuracy during 
vernpeas years of service. 
designed 
lics Divi- ; 
ved selial We will be pleased io send you a copy of our 
ws of up fully illustrated booklet No. R30/IP on 


your request. 


= NEGRETTI 


THE NAME THAT MEANS PRECISION ALL OVER THE WORLD 


& ZAMBRA 


# Factories at Barnsbury, London N.1; Aylesbury. Bucks; 
Chobham, Surrey. 


Head Office: 122 Regent Street, London W.1. 


Agents or subsidiaries in all major countries. Telephone: REGent 3406. 
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[New for Control! 
to 10 gal/min. with a pressure range of 
100 to 3000 Ib/in2. 

It is claimed that an outstanding fea- 
ture of the valve is its flat characteristic 
over a wide flow range. 

Tick No 534 on reply card 


TEMPERATURE INDICATOR 


three-position controller 


A resistance temperature-controller and 
indicator for use at low temperatures is 
made by West Instrument. It is available 
with stepless, proportioning, and on/off 
control, and is claimed to offer precision 
control and indication to below —100°C. 

The instrument has a built-in rectify- 





Robust movement 


ing and stabilizing unit fed direct from 
a.c. mains, and will work satisfactorily 
up to about 55°C ambient. 

Tick No 535 on reply card 


SMALL RECORDER 


gear-less drive 
A compact and inexpensive servo-opera- 
ted recorder is available in a.c. or d.c. 
current ranges. There are two models, 
one requiring an external d.c. supply and 
the other incorporating its own power 
pack operated from a 240V 50c/s 
supply. 
The Fielden Capacipoise has a 6 in. 
diameter chart, the recorder itself occu- 
pying 8} X 7;% in. of panel space, with 





300° movement 


a central indicating pointer moving over 
an arc of 300°. The indicator scale 
length is approximately 15 in., and one or 
two electrical contacts may be fitted for 
alarm or control use. 


Tick No 536 on reply card 
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ELECTROMETER 


measures 3mV to 3 V 


A new vibrating reed electrometer (type 
N616) has been introduced by Ekco 
Electronics Ltd. Designed to measure 
very small direct currents and voltages 
with high zero stability, it converts 
applied d.c. to a.c. by a vibrating reed 
capacitor and amplifies it by a stable 
a.c. amplifier. Seven ranges are provided: 
3, 10, 30, 100 and 300mV and 1 and 
3 V. The output is rectified and measured 
on a Sin. panel meter calibrated to indi- 
cate the d.c. voltage at the input. For 
voltage measurement, accuracy is about 
* 5%, while current measurements may 
be made to the same accuracy provided 
that the total value of the input resist- 
ance is known and the calibration con- 
trol is adjusted as necessary. 

Tick No 537 on reply card 


FAST PRINTER 


rapid interrogation 
An instrument designed for recording 
digital information collected by elec- 
tronic scalers without destroying the 
scaler indication, and printing up to 14 
characters simultaneously is available 
from Radiatron. 

The Kienzle Type D.1.E. is suitable 
for connexion to commercially avail- 
able scalers with little addition to the 
electronic units. It operates according to 
an interrogation principle: on receiving 
the print command, its incorporated elec- 
tric motor turns all print wheels (one for 
each digit) by one complete revolution, 
sending ten interrogation pulses to the 
scaler, corresponding to numbers 0-9. 
These pulses are sent to all decades of 
the scaler simultaneously, stepping all 
scaler digits on by one position. When- 
ever one of the scaler digits passes its 
zero position, it sends back to the prin- 
ter a locking pulse, which, via an am- 
plifier and solenoid, locks the corres- 
ponding print wheel in a position match- 
ing the indication of the scaler digit. The 
whole interrogation process takes only 99 
ms., and immediately after interrogation 
and locking, all digits are simultaneously 
printed. 

The unit is completely transistorized, 
and measures only 104in. X 12in. X 
9 in. 

Tick No 538 on reply card 


MAGNETIC STORAGE DRUM 
for G.P.O. exchanges 


A range of magnetic storage drums (type 
C) is being made by Sperry, in conjunc- 
tion with A.T.E. It has been designed 
to provide a flexible range of storage 
assemblies by using combinations of two 
standard sub-assemblies, comprising a 
motorized drum unit and multiples of 













Precision made 


slave drum-units. All the units are 
coupled together to form a rigid cylin- 
drical assembly with a common vertical 
spin axis. 

This range of drums is suitable for 
telephone or computer work, and can be 
supplied with either nickel or oxide re- 
cording surfaces; lengths of recording 
face of 10-40 in. in 10 in. steps are avail- 
able. Drive is provided by a 3-phase 
}h.p. induction motor, and the operating 
temperature range is 10—50°C. 


Tick No 539 on reply card 


QUICK LOOKS 


Electronic Machine Co. and Soag Ma- 
chinery have combined the use of their 
standard ‘ Batchcounter’ with the Soag 
‘Slip-Inserter’ to provide an accurate 
count of the number of sheets of paper 
etc. used in each batch in an automatic 
operation. 

The ‘unit’ operates as follows: the 
required ‘batch’ is selected on the dial 
of the ‘Batchcounter’, and when the 
machine is in motion a ‘slip’ will be 
automatically inserted directly into the 
pile as the pre-set batch number is 
achieved. 


Tick No 540 on reply card 


Claimed to be the fastest storage oscillo- 
scope currently available is the Cawkell 
Remscope type SO1. Single transients 
corresponding to writing speeds of 2 cm 
us or more can be stored and viewed for 
long periods, and a long-persistence dis- 
play may be, obtained continuously vari- 
able from 1 second to 2. minutes dura- 
tion. 

The oscilloscope contains wide-band 
d.c. amplifiers and a time base with 
sweep velocities from 0-1 to 3 106 cm/s. 


Tick No 541 on reply card 


An f.m. transfer amplifier, designed to 
facilitate faithful transcription of f.m. 
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Audio 
power 
output 
transistors 


TYPES XC141 and XC142 


These germanium p-n-p alloy junction transistors are designed for use in Class A and 
Class B power output stages of audio frequency amplifiers. Full particulars of 
these and other Ediswan Mazda semiconductor devices will be sent gladly on 
request. If you wish to be kept up to date with the latest developments in 


this field, please ask us to add your name to our semiconductor mailing list. 





MAXIMUM RATINGS (Absolute Values) xXCi41 | XC142 
Peak collector to base voltage (volts)... iieaed: - 60 
Peak collector to emitter voltage, emitter non-conducting (volts)... —40 - 60 
Peak collector to emitter voltage, emitter conducting (volts)... — 32 - 32 
D.C. Emitter to base voltage (volts) ............... simateciiiaiia tim ae wi 
Peak collector current (amps) Ce ae, —._ = 30] -30 
D.C. Collector current (amps) ............... ee . * Hb = 
Collector dissipation (mounting flange temperature 80°C) (watts)... ll 11 
EDISWAN SEMiconbucTors 
MAZDA Associated Electrical Industries Ltd 


Radio and Electronic Components Division 
PD 15, 155 Charing Cross Road, London, W.C.2 
Tel: GERrard 8660 Telegrams: Sieswan Westcent London 


creis/s8 


CONTROL February 1960 Tick No 100 on reply card for further details 149 











"New for Control] 


recorded data from one tape reel to 
another, is announced by Solartron. It 
uses printed circuits based on a plug-in 
chassis, compatible with the other ampli- 
fiers forming the basis of this company’s 
magnetic-tape data-recording systems. 
Tick No 542 on reply card 


A magnetic-core memory stack has been 
developed by Telemeter Magnetics 
(U.S.A.). Made up of an assembly of 
core arrays, the Mil-Stak memory mod- 
ule is claimed to be unaffected by accel- 
eration up to 10g and to withstand the 
vibration and shock met with in military 
applications. 

The cores are wired on a moulded 
plastic frame, and the entire stack is 
encapsulated in polyurethane. 

Tick No 543 on reply card 


This miniature indicating dial from Gen- 
eral Controls is primarily for use with 
their standard range of miniature pre- 





cision helical potentiometers. Machined 
from solid duralumin, they are suitable 
for 4 in. spindles are are backlash-free. 
Tick No 544 on reply card 


An f.m/a.m. signal generator, cover- 
ing 4-120 Mc/s a.m. and 4-12 and 70- 
120 Mc/s f.m., is recently available from 
Taylor Electrical Instruments. High cali- 
bration accuracy is obtained for either 
mode of operation. 

Tick No 545 on reply card 


A series of electric motors from frac- 
tional to 40 h.p. (3000 rev/min) fitted 
with disk-type electro-magnetic brakes is 
now made by Newman Industries. Brakes 
are available covering a torque range of 
3 to 120 1b ft. 

Tick No 546 on reply card 


A forced-air-cooled beam power tube 
for use in linear amplifiers at frequen- 
cies up to 500 Mc/s has a maximum 
anode dissipation of 250 W. 

The R.C.A.-7580 is of ceramic-metal- 
seal construction, which permits opera- 
tion at higher temperatures than a glass- 
seal construction. 

Tick No 547 on reply card 


A variable-capacitance diode designed 
for use in parametric amplifiers at fre- 
quencies up to S-band, is now produced 
by the G.E.C. Semiconductor Division. 

The EW 97/1 is suitable for use in 


150 


radar and other communications systems, 
and it is suggested that very low forward 
impedance and very high reverse im- 
pedance enable it to be used as a micro- 
wave switch. 

Tick No 548 on reply card 


A new time base provides seven rates 
of sweep voltage for use with X-Y plot- 
ters. Rates available from 0-5 to 50 mV/s 
with 2% accuracy, which corresponds to 
2 to 200 mV for 100 mV. By rotating a 
switch the unit becomes a multi-pur- 
pose chopper-stabilized d.c. amplifier. 
Further information on the HRT-1 
available from Scientific Furnishing Ltd. 
Tick No 549 on reply card 


Subject to the requisite type approval 
testing period, a complete range of type- 
approved silicon rectifiers, to work at 


100 to 800V P.LV. is available from 
Plessey. 

The Simet G series is rated at 500 
mA (100°C ambient) and 750 mA (50°C 
ambient), without use of fins or heat 
sinks. 

Tick No 550 on reply card 






INDUSTRIAL 
PUBLICATIONS 


Flowmeters. A 7-page booklet (Cat. No. 181) 
from James Gordon containing information 
on the latest developments in the technique 
of flow measurement and control 


Tick No 551 on reply card 


Printed-circuit connectors. A catalogue con- 
taining data on connectors manufactured by 
Electro Methods 


Tick No 552 on reply card 


Electronic components are shown in a gen- 
eral catalogue from Radiospares 
Tick No 553 on reply card 


Nucleonic instruments for use in medicine, 
industry, and reactor instrumentation; a 
catalogue from Ekco Nucleonics 

Tick No 554 on reply card 


X-ray spectrometer. A data 
Solartron Industrial Controls 


Tick No 555 on reply card 


sheet from 


Transistor-curve tracer. A leaflet containing 
details of their transistor-curve tracer unit 
is published by de Havilland Propellers 
Tick No 556 on reply card 


Precision electrical instruments are shown 
in a general list from Muirhead 


Tick No 557 on reply card 


Humidity controllers, This publication from 
Negretti & Zambra Ltd. deals with air- 
operated and electric-contact humidity con- 
trollers. (Publication No. R30/1H) 


Tick No 558 on reply card 





Electromechanical torque-motors are des- 
cribed in a 7-page general catalogue from 
de Havilland Propellers. (Publication 5078) 
Tick No 559 on reply card 


Diode function-generator. A data sheet from 
Solartron Electronic Group 
Tick No 560 on reply card 


Automatic cab‘e tester, Two publications 
from de Havilland Propellers give general 
data on their portable multi-core cable- 
tester. 


Tick No 561 on reply card 


Couplings of many types and sizes are well 
detailed in a 50.page catalogue from Wade 
Couplings 

Tick No 562 on reply card 


Automatic boiler control is the title of 
Evershed’s informative 40-page booklet. 
(Publication No. 504) 

Tick No 563 on reply card 





ADDENDUM 
TO BUYERS’ GUIDE 
FEB 1960 


ADDRESS SECTION 


the telephone number of 
DANFOSS MFG CO. 
should read 


HUGHES, GEO. H., LTD. 

Edgemond Avenue, Tyburn, Birmingham, 24 
are normally known as 
BRITISH BELLOWS 


RANSOME & MARLES BEARING CO. LTD. 
Newark-on-Trent tel: Newark 456 
delete Hither Green 4600 


the address and telephone number of 
SIMMONDS, L. E., LTD. 
should read 
Byron Rd, Harrow, Middlesex tel: Harrow 7797/9 


Bayswater 9321 


the address and telephone number of 
STREAMLINE FILTERS LTD. 
should read 
Henley Park, Normandy, nr. Guildford, Surrey 
tel: ‘Normandy 3311/3 


BUYERS’ GUIDE 


BEARINGS, NEEDLE 
add 
Ransome & Marlies Bearing Co. Ltd. 


CAPACITORS 
delete 
Bulgin, A. F., & Co. Lid. 
Please note that 
Johnson & Phillips Ltd. 
manufacture power-factor-improvement capacitors 
only 


CONVERTERS, data—analogue-digital 
delete 
Marconi’s Wireless Telegraph Co, Ltd. 
delete 
Venner Electronics Ltd. 


CONVERTERS, data—tape-card 


delete 
R.C.A, (Great Britain) Ltd. 


FILTERS, electrical 


delete 
R.C.A, (Great Britain) Ltd. 


PLUGS AND SOCKETS—single and multiway 
delete 
R.C.A, (Great Britain) Lid. 


VIBRATION-mounting 
please note 
Cementation 
should read 
Cementation (Muffelite) Ltd. 
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Whatever your business...whatever its size... Burroughs build 
equipment to meet your every data processing requirement ! 


The reason Burroughs can meet your every requirement 
is this: Burroughs produce the widest range of data pro- 
cessing equipment in the world. 

In electronic computing equipment, Burroughs can 
supply a system for every type of application. For large 
scale commercial data processing the Burroughs 220 
System provides all the advantages of tomorrow’s com- 
puters today. 

In the areas of Banking and Finance, the new B251 
Visible Record Computer provides a revolutionary new 
answer to automation needs, reading directly from 
magnetic characters on original media. The Burroughs 


E101 is the most widely used scientific computer in the 
world. Also in the Burroughs computer range are the 
famous 205 ‘Datatron’ general purpose system and the 
small F2000 electro-mechanical business computer. 
Paper tape and punched card output from conventional 
accounting equipment and magnetic ink imprinting 
and sensing equipment provide a comprehensive range 
of I.D.P. links. 

No problem is too small—no application is too big for 
Burroughs data processing equipment. And the beauty 
of it is, a Burroughs machine will pay for itself in 
savings, over and over again. 


Burroughs 93 


BURROUGHS ADDING MACHINE LIMITED, AVON HOUSE, 356-366 OXFORD STREET, LONDON, W.l. TEL: HYDE PARK 9861 
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Masers 


Masers by Gordon Troup. Methuen & Co.: 
Wiley : New York, 168 pp. 13s, 6d. 

In the past five years, the exciting new field of possibilities of 
low noise amplification by molecular stimulation has opened 
up and expanded enormously. This monograph is chiefly an 
account of those physical aspects and techniques of direct con- 
cern to the microwave engineer, to whom it is addressed, rather 
than to the pure physicist, although it is of interest as a very 
readable introduction to all students of physics. The subject is 
exciting because for the first time the microwave engineer is 
faced with the interaction of matter and radiation not in its 
usual gross forms but in its simple basic forms, the transitions 
of individual electrons, atoms and molecules between definite 
energy states and the corresponding traffic of individual micro- 
wave photons of the electromagnetic field. Only in the thermal 
degradation imposed by weak interaction with the environment 
is there concern with more complex assemblies of particles. 
One marvels again at Einstein’s physical intuition and pre- 
science, in his formulation of the laws of stimulated and spon- 
taneous emission and absorption on thermodynamical grounds, 
later substantiated by a more detailed quantum theory. 

The author has resisted the temptation to digress into related 
topics and ramifications, such as caesium frequency standards 
or the vast field of parametric amplifiers, but has confined 
himself to the strict subject of the title. Even so it has been 
necessary to add five notes in proof, to keep pace with the 
rapid development. The useful application of these amplifiers 
is correspondingly restricted to sources of low noise-tempera- 
ture, although some approach to a more conventional range of 
application is also foreshadowed in a solid state device operat- 
ing at a higher temperature than the extremely low (liquid 
helium) temperatures which were at first necessary to arrest 
thermal relaxation processes. There is a theoretical account of 
emission and absorption (approached from thermodynamics 
and quantum mechanics), the possibility of amplification and 
the factors affecting this process, excitation methods, gain, 
bandwidth and noise in line and cavity amplifier systems, and 
of frequency-pulling in stimulated emission oscillators. On the 
practical side there is an account of the corresponding experi- 
mental work in gaseous and solid-state devices, and of appli- 
cations. There are appendices on quantum-mechanical topics, 
an adequate bibliography, and a good index. The author has 
maintained a reasonable balance between the theoretical and 
practical interest, and essential microwave properties are well 
covered although his descriptions of physical processes, such as 
the inversion transition of the ammonia molecule. are neces- 
sarily over-simplified in the space at his disposal. 

The book appears in the well-known slim pocket-sized series 
of Methuen Monographs on Physical Subjects, and great care 
has clearly been taken to produce a well-bound and well-printed 
book, in which the text, formulae and diagrams are all easily 
read without strain, and are free from irritating errors. 

S. H. MOSS 


London. John 


Semiconductors 


The Properties, Physics and Design of Semiconductor Devices 
by _— N. Shive. D. Van Nostrand. August 1959. 487 pp. 
3 13s, 

Semiconductor devices are finding very considerable applica- 
tion in all fields of control engineering, and books dealing 
with the properties, physics and design of such devices are 
sure of a large number of readers. In fact many books have 
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been published on the more specialized subjects, such as the 
thermistor, the varistor, the photo-electric cell and (at greatest 
length) the transistor. The present book is somewhat unique 
in dealing for the first time in a single volume with a range 
of semiconductor devices. 

The author is a member of the Technical Staff of the Bell 
Telephone Laboratories, and the book 1s based on courses 
given by the author and his colleagues in the Bell Telephone 
Laboratories. For this reason the descriptions, explanations, 
mathematics, etc. have had to satisfy the test of the practical 
exposition of a lecture course before being set down in the 
form found in this book. The result is a very readable account 
of the subject. 

The book does not deal with every aspect of solid-state 
devices. Thus, there is no mention of such devices as gyrators, 
isolators, ferromagnetic memories, and masers, but within the 
field specified the coverage is good. For convenience the book 
is divided into two parts — Part One dealing with the nature, 
properties, behaviour and uses of semiconductor devices, and 
Part Two dealing with the physics of solids and their applica- 
tion to the design of semiconductor devices. In the first part 
of the book there are chapters on properties of semiconduc- 
tors, thermistors, semiconductor photo-electric cells, and tran- 
sistors, and in the second part there are chapters on the band 
theory of solids, conduction mechanisms in solids, hole and 
electron statistics, P-N junction theory, theory of metal-semi- 
conductor contacts, theory of junction triode, photo-electric 
effects, thermo-electric effects in semiconductors and Hall 
effect. 

The book is well printed and illustrated and can be recom- 
mended to those who want an elementary treatment of the 
subject. DENIS TAYLOR 


Microwaves 

Microwave Data Tables by A. E. Booth. Iliffe & Sons. 1959. 
61 pp. £1 7s 6d. 

This book, as implied in a note on the inside cover, could 
better have been titled Waveguide Data Tables. As such, it 
consists of a series of 26 well-produced and printed tables, 
most of which relate guide wavelength to frequency for stan- 
dard or commonly used waveguides. Also included are some 
basic tables of decibel ratios, and decibels to V.S.W.R. Of 
these, however, one or two are redundant or could have been 
contracted to a graph. These could then have happily been re- 
placed by a table of reflected power to V.S.W.R. directly, or 
the V.S.W.R. of a load seen through an attenuator. 

No mention is made of co-axial or other waveguides, and 
no indication of the effects of tolerances and conductivity is 
given. Indeed, to anyone who hoped from the title that a 
compilation had at last been made of the graphs, tables and 
nomograms relating to microwave engineering that exist scat- 
tered throughout the literature, and which would justify this 
rather high price, the present volume is going to be a dis- 
appointment. S. CORNBLEET 


Books Received 


Education and Training in Chemical Engineering (Supplement to 
Chemical Engineering: A Career). The Institution of Chemical 
Engineers, October 1959 * 701 
Process Integration and Instruments, Electrical Development Asso- 
ciation. 1959. 200 pp. 8s 6d * 702 
A Simple Approach to Electronic Computers by E. H. W. Hersee. 
Blackie & Sons. 1960. 104 pp. 12s 6d * 703 
Introduction to Econometrics by Oskar Lange. Pergamon Press. 
1959. 384 pp. £1 5s * 704 
Applications of Thermo-Electricity by H. J. Goldsmid. Methuen’s. 
1960. 118 pp. 10s 6d * 705 
Modern Sampling Methods by P. O. Johnson and M. S. Rao. 
Oxford University Press. 1960. 87 pp. £1 12s * 706 





% Tick the relevant number on the reader information card for further inform- 
ation on any book reviewed above. 


CONTROL February 1960 






































































——_— 















Tick No 102 on reply card for further details 


| as the 
greatest - “4 

unique iw ' 
a range 7 


the Bell Bia ‘. 
courses : 
lephone 
nations, 
ractical 


in eee incredible 


account 


idstate | pump! 
yrators, 

thin the 

1e book 

nature, 

ses, and } 

applica- 

rst part | Cc? 

conduc- 

id tran- 

he band 

ole and 

al-semi- j 

-electric - 

id Hall | Me 


Nature’s 





 recom- 
of the 
TAYLOR 





. 1959. 
. Nature’s pump is the heart; and the biggest heart belongs 


r. could to the Blue Whale. A 90 ft. specimen has a heart weighing 





such, it i half a ton—big enough for a boy to crawl into (which is 
| tables. exactly what a boy did, many years ago). We do not make 
or stan- Metering Pumps as heavy as that, but size is no criterion ofa 
re some a Metering Pump’s efficiency. It would be 
V.R. Of better to judge our Metering Pumps 
we bem by the way in which they handle almost 
beter to anything from concentrated 
sctly, oF sulphuric acid to plain water—in 

i quantities up to 1200 g.p.h. and at 

aa dial f pressures up to 5000 p.s.i. as standard. We are 
Aivity is always interested in considering special 
+ iat a features to suit site conditions or process problems. (If you 
f have such a problem at this moment, put it ina letter to us 
bles and immediately). And note this, too. Our After-Sales service 
ist scat is geared to serve you in every possible way. 
tify this Even our Sales Representatives are trained and 
e a dis- qualified to service our pumps whenever required. 
RNBLEET 


Write for Publication 101. It will interest you. 
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S. Rao. 
* 706 21, The Mall, Ealing, London, W.5. Telephone : EALing 6264 (PBX) 
Telegrams: Metripumps, London, W.5. 
Cables: Metripumps, London. 
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ARCA ..... can give you 
aceurate. reliable CONTROL 


@® FLOW 

@ LEVEL 

@ PRESSURE 

@ HUMIDITY 

@® TEMPERATURE 

@ DESUPERHEATING 


eee and now 
CONSISTENCY CONTROL 





Successfully working in many Paper Mills in Sweden 
and already operating in the United Kingdom in 
leading Newsprint paper, Tissue and Board Mills. 


BRITISH ARCA REGULATORS LTD. 


Sisson Road, Gloucester (Gloucester 24901) 
London Office: 25 Victoria Street, S.W.1. ABBey 4121 




















connectorus 


(printus circuitus) 


This delightful creature is a newcomer in the field 
being one of the Continental Connectors 

which until recently had not been seen in this country. 

Now, however, mating with printed circuit boards, 

they are breeding in ever increasing numbers. 
With their unique ‘ Bellows’ 
they are able to grip so firmly as to overcome any resistance, 
yet so lightly that they do not cause scratches or scars. 
They are to be found in many sizes and are very robust and hardy, 
living to a ripe old age, 
far longer indeed than had been thought possible for one of these creatures. 


If you have not yet seen one in the flesh, 


please contact us and we will be glad to show you specimens. 





CONTINENTAL CONNECTOR DIVISION 


ULTRA ELECTRIC LIMITED 


Western Avenue * Acton * London * W.3 Phone: Acorn 4404 Cables: Radwaves, London 
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This new 


mark Deicctenic 
multelec 


recorder— 








Chart-drive gear 
train and multi- 
point mechanism 


Multi-point printing mech- 
anism with self-lubricating 
pen-carriage unit 


Chart frame swung away‘\for ready access to main-frame components 


—uses the same system and components as those in the 
electronic circular-chart recorder in the KENT Commander 
range. It retains, however, the same easy-to-read strip-chart 

(10 in. width) used in the Mark 2 Multelec instrument. The 
Mark 3 is available for the measurement of such variables as 
temperature, oxygen percentage, millivoltage, reactor power level, 
and—for certain applications—Mark 30 automatic control is 
included. 





Outstanding features include : 


All-mains operation—no batteries; continuous standardization 
Availability in single-, 2-, 3-, 4-, 6-, 8-, 12- and 16-point form 
2—second full-scale travel 

High-speed, deadbeat balancing on both a.c. and d.c. inputs 

Wide choice of chart speeds, from } in./hour to 4 in./minute 

High-gain amplifier, wth synchronous converter havng extremely low drift 
Multi-point printing intervals of 5, 10 or 20 seconds, depending on 
application 


Mark 30 Series air-operated automatic control is provided when required 
(single-, 2-, or 3-term); also electric on/off control 


Mark 3 Multelec recorder 


ax 


For full details write now for Publications 293 and 295, or telephone General Industrial 
MASTERS OF INSTRUMENTATION 


Contracts Department (Luton 2440 Ext. 8) for a quotation 


GEORGE KENT LIMITED + LUTON: BEDFORDSHIRE 


— Subsidiary Companies, and Branch Offices in London * Resolven * Hitchin * Toronto * 
elbourne ° 





Montreal * Vancouver 
Sydney * Johannesburg * Salisbury * Penang * Bangkok * Brussels * Krefeld * Vienna 
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BEVEL 





keeps things 
temperate 


tor Ferranti 
aboard the ‘Vanguard’ 


This beautifully engineered transformer/rectifier 
unit by Ferranti is installed in Britain's newest 
airliner, the Vickers Vanguard. The unit is, in 
Ferranti's words, ‘an assembly giving the mini- 
mum overall dimension and weight.’ 

In such compact equipments, cooling is a critical 
factor. It must be adequate and the cooling 
source must also be lightweight and efficient. 
Like Ferranti, most manufacturers of advanced 
electronics rely on Plannair blowers to solve 
temperature control problems. 

On a weight-to-output basis, Plannair blowers— 
the whole family of them—are the most efficient 
in the world. 

Whenever you are faced with the problems of 
getting enough air in the right place, take them 
to Plannair—that’s what the rest of the industry 
does! 






The Plannair Blower type 
3PL241-110 operates on 200 volts 
3 phase 400 cycles at a speed of 
11,200 r.p.m. Output 150 c.f.m. at 4” s.w.g. 


Illustration shows four single stage blower units 
type 3PL241-110 installed for transformer|rectifier 
cooling on the main d.c. power supply unit in 
the Vickers Vanguard. 


PLANNAIR LIMITED 





Windfield House + Leatherhead + Surrey 


Tel: Leatherhead 4091/3 & 2231 
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| Type F 
MINIATURE RELAY 


} 

The remarkable CLARE postage-stamp-sized, high efficiency relay has 
| been designed for —and is used in— guided missiles and similar airborne 
’ equipment where absolute dependability under arduous conditions must be 
Size: ae ‘ provided with the greatest possible saving of weight and space. It has 

okey = 2-pole changeover contacts rated for 1 Amp at 28V d.c. or 116V a.c. 
Weight: 0.52 oz. Over 143 models of the type F relay are available in 12 standard coil 
Operating power : voltages from 6.3 to 110V d.c. in various mounting arrangements. A typical 
| 250 mW nominal. type F relay of 26.5V has a 675 ohm coil and a minimum operating current 


: : of 19 mA, with brackets or 6BA stud fixing and solder hooks or 3 in. lead 
Pickup: 3.5 mS: : ‘ 

connectors. Please write or telephone for the Clare Type F Relay Sales 
: Dropout: 1.5 mS. ‘ g a ‘ ; ; ie 
Engineering Bulletin No. 124-1, which gives the full technical specification. 





Ambient temp : 
65°C to + 125°C. 
Vibrations : 


spesattinand §, P, CLARE LIMITED 


7572000 c/s at 20 G. 
Hermetically Sealed : 70 Dudden Hill Lane, London NW10 WILlesden 5141 


A.1.D. & A.R.B. approval. A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
Clare relays are made in the United Kingdom under licence from C. P. Clare & Co., Chicago, U.S.A. 
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40 VOLTS/SEC 


AUTOMATIC CORRECTION 


—with the type 
TCVR voltage regulator 


The TCVR is a servomechanical automatic voltage eee 
regulator having the very high speed of correction of version. 
FORTY VOLTS PER SECOND. It provides an 
undistorted output, maintained constant within very 
close limits (normally +0.5%) from no-load to full- 


‘oad, for wide variations in frequency and power factor. 


A wide range of models from 1.6 to 12 kVA single- 
phase, and 4.8 to 36 kVA three-phase, is available, 
to standard or tropical specification, in cabinets or for 


rack-mounting. Models are also available in which BMVR: Motor-driven laboratory and industrial regulators ranging from 1-6 to 29 kVA 


es F single-phase, and 4-8 to 87 kVA three-phase. Constancy of output normally + 0-5%, 
the output voltage is continuously adjustable over a from no-load to full-load. No distortion. Speed of correction 1 Volt/Sec. A great 
wide range by means of a panel control. Regulators variety of models, standard, tropical and militarised, for all applications. 


can be supplied to Services specification, and special BAVR: Electronic stabilisers of very high accuracy, and very rapid response, with no 
models can be designed to order. moving parts. Input range: - 10% to + 5%, output constancy + 0.15%. Three sizes : 
g 


: z ae s 200, 500 & 1000 VA. Exceptionally useful for control of chemical processes, heating, 
For high-speed, accurate stabilisation without lighting, etc. 


distortion—specify TCVR. 


Other products of Claude Lyons Ltd. Stabiliser Division 


ASR: Automatic step regulators, small, inexpensive, and with sinusoidal output waveform. 
Two sizes : 1-15 kVA and 2-3 kVA. Input range - 10% to + 5%; output constancy, +2}%. 


ATC: Automatic Tap-Changing Transformers —a development of ASR. Two sizes: 

= 575 VA and 1150 VA. Input range - 20% to + 10%: output constancy, + 5%. Provide 

Claude { ons Ltd adequate stabilisation for many types of apparatus, at low cost. Also useful as pre- 
Dp “ regulators, e.g. in conjunction with BAVR. 


We shall be pleased to send you full details of our entire range. 


Stabiliser Division VALLEY WORKS » HODDESDON: HERTS: TELEPHONE HODdesdon 4541-4 
CL/47/E28 


HERMETIC SEALS 
standard types supplied 


enquiries to: 


SINTERED GLASS TO- 
METAL SEAL C° LTD 


FOUNTAIN ROAD : THORNTON HEATH « SURREY 
PCy ii oe eh ee ae 
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Cubicle Pattern Switchboards 
incorporating fused switches, 
distribution boards, contactors and 
relays, such as illustration, 

save space and money. 


Our full range, includes L.T. Air Circuit Breakers, Rising Main and Overhead Busbars, 


Distribution Fuseboards, Skirting, Ducting and Motor Starter Cubicles. 


VARILECTRIC LTD., 10 MELON ROAD, PECKHAM, LONDON S.E.15 


Telephone : (Works Office) RODney 6895/6/7 Telegrams and Cables : VARITRIC-PECK-LONDON 
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Amphenol 165 Series Connector 


Designed especially for use with the ARC52 equip- 
ment installed in the Vickers-Armstrongs ‘‘Scimi- 
tar,’ the English Electric “Lightning’’ and other 
military aircraft. Variants of this 42-contact con- 
nector are available to meet differentrequirements. 
Another new Amphenol development are the 
“Stub-E"’ Connectors, ful:illing environmental re- 
sistance requirements in aircraft and guided 
missiles. 


We can also supply miniature co-axial 
changeover connectors, co-axial swit- 
ches (hand or relay operated) and micro- 
potentiometers manufactured by our 
industrial Products, Danbury-Knudsen 
and Borg Divisions. 

We will be pleased to quote for complete 
cable assemblies, using Amphenol con- 
mectors including ‘potted’ versions if 
desired. 


AMPHENOL CANADA LTD., 
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WHEN THERE 
CAN BE 

NO 
COMPROMISE 
WITH 
RELIABILITY... 


. . . When maximum performance 
_ under the most exacting conditions 
si ; is vital, Amphenol Connectors play 

a the part for which they have been design- 

< ed with complete dependability. More than 

25 years experience in this field plus rigid 
test requirements far beyond likely operating 
conditions help to ensure their sturdy reliability. 
For example, Amphenol MinniE miniature multi-contact 
connectors are tested for altitude-moisture resistance 
by submersion in salt water and altitude cycling to 80,000 
feet, to 65,000 feet and then returned to room ambient pressure. 


Amphenol MinniE Connector 


Quick disconnect, multi-contact, miniature bayonet 
lock types. Available as Plugs, Cable and Fanel 
Receptacles and Single Hole mounting Receptacjes 
n four constructions, five shell sizes and seventeen 
nsert arrangements. 





Have you had your 
copy of this new Am- 
phenol Publication? 
IEC2 is a new publication, 
detailing and profusely illu- 
strating a wide range of 
Amphenol connectors, with 
reference sheets for contact 
arrangements and _ insert 
specifications. Write for your 
copy now. 


AMPHENOL (Great Britain) LTD. 
Victoria Road, Burgess Hill, Sussex 
Telephone : Burgess Hill 85616 (3 lines) 

Telegrams: Amphenol, Burgess Hill 


AMPHENOL-BORG ELECTRONICS CORP., CHICAGO, U.S.A. 
TORONTO 9, ONTARIO 


Chemical attack 
in Process Plant 


Small section Iron and Steel castings are extremely 
expensive relative to their weight and greatly in- 
flate the cost of process valves working on applica- 


tions where “‘All lron & Steel’’ is specified. 


General Specification 


Body 
Ductile Iron 

Stem 
Stainless Steel 

Seats 


Nickloy, Monel or 
Stainless Steel 


Packing 
Fluon 


Return Spring 
Vanadium Chrome 
Steel 






N 
yN 


Hunt & Mitton have pioneered the application of 
Ductile Iron to control valves for pressure ratings 
up to 600 p.s.i. at 400°F. Physical properties are 
akin to steel and the material is equally resistant 
to chemical attack. Cost is considerably more 


economical. 


Many hundreds of these valves are operating 
satisfactorily in actual installations at home and 


abroad. 


HUNT & MITTON LTD 


OOZELLS ST. NORTH, BIRMINGHAM | 
Telephone MID 0393. Telegrams Mitton, Birmingham 1 
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Potentiometric recorders for research and industry 
yme 
teel 
These high-speed Potentiometric Recorders 
on of are continuously self-balancing, use electronic 
tings power amplification and motor drive. 
5 are The chart, which is 10” wide, can be traversed 
silt } in 2 seconds (1 sec. to order). Single or 
multitrace (2, 4, 8, 16) models are available, 
ay the latter with 5 or 15 seconds printing 
interval. High sensitivity: instrument 
responds to signals of less than 1 microvolt. 
de: Ranges: from 500 microvolts for single-point, 
> and I millivolt for multi-point models. But much 
more can be learned from Technical Publication 
2042 from Instrumentation Division, Associated 
TD Electrical Industries Limited. 
iM | | 
a. | Instrumentation Division 
P.O. Box 1, Harlow, Essex. Telephone Harlow 25271 
od Associated Electrical Industries Limited an 
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A UNIVERSAL A.C. VOLTAGE & CURRENT CONTROL 
. . » With universal fixing centres Delivery 


from 
stock 


For the most up-to-date variable transformers . . . for early 
delivery, too, the obvious choice is the Berco Rotary Regavolt, 
model 42A, rated at 580 V.A. With a maximum input 
voltage of 250 V. it will supply a variable output from 0-270 V. 
Moderately priced at £7.0.9d. (skeleton type) and £8.5.11d. 
(protected type as illustrated) the Berco Rotary Regavolt 
represents the finest value today at the lowest cost. 


* CONSTRUCTION: Toroidally wound auto-transformers, 
with tracks formed on one face of the windings. 
* CORE: Wound from a continuous strip of low loss electrical 
steel in a similar manner to the well-known C core con- 
struction. 
INSULATION: Specially processed plastic mouldings 
ensure minimum shrinkage due to heat and continuous use, 
and prevent any possibility of the turns slackening. 
WINDING: Of high conductivity copper, insulated with a 
synthetic enamel of the polyvinal acetal-phenal formaldehyde * 
resin type, giving good space factor, exceptionally high Write for list 615A 
abrasion resistance and prolonged heating resistance. giving full technical 
7 iy : . : details of this and other 
FRAME: Of die cast aluminium, incorporating long spindle models in the Rotary 
bearings and mounting feet to ensure accuracy and rigidity Regavolt range. 
of the mechanism in relation to the fixing holes. 
BRUSHES: The brushes are of a special carbon for its = ronan oe CO. LID., 
contact resistance characteristics, shaped to, give minimum 411 


; - Telephone: HOWard 2411 Telegrams: Vitrohm, Enfield 
loss, maximum strength and longest life. Specialists in the control of current and voltage for more than 25 years 


BRI341-BXH 





including :- 

; wi Automatic Carbon Pile 
Automatic Voltage WW 

Voltage Regulators 

Regulators 
Rotary Transformers 
and Convertors 
High Frequency 
Alternators 


Literature sent on request 


Transistorised 
version to give 
+ or — 05% control 


NEWTON 
DERBY 


NEWTON BROTHERS (DERBY) LIMITED — 


ALFRETON ROAD - DERBY 
PHONE: DERBY 47676 (4 LINES) GRAMS: DYNAMO, DERBY 
London Office: IMPERIAL BUILDINGS, 56 KINGSWAY W.C 2 
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und senden Sie sie an CONTROL, 


SERVIZIO D’ INFORMAZIONI 
PER | NOSTRI LETTORI 

EF’ talvolia difficile all’inser- 
sionisia di indicare in uno 
dei suoi prodotti. Qualora de- 
sideraste ricevere pit ampie 
informazioni a questo riguardo, 
favorite segnare il numero 
appropriato sul cartellino qui 
aceanto ed inviare quest’ultimo a 
CONTROL, 


SERVICIO DE INFORMACION 
PARA EL LECTOR 

Se hace a menudo dificil para 
los anunciantes dar en un 
espacio limstado todos los detalles 
técnicos sobre sus productos. Si 
desea ulterior informacién, 
marque '08 nimeros apropiados 
en la tarjeta opuesta y mdndela a 
CONTROL, 
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SUBSCRIPTION CARD CONTROL 


YES ' February 1960 
‘| want my own PERSONAL copy ! 






Please send me CONTROL for one year/three years 
U.K. £2, 2s, Od. (three years £5. 0. 0.) 






Other countries €3. 3s. Od. (three years £5. 0. 0.) 0D Subscription enclosed 
starting with the = sss (C0 invoice me later 







NAME 





SEND TO MY HOME/BUSINESS ADDRESS 
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No Postage 


stamp 
necessary ‘ 
if posted in : 
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or Northern 
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CONTROL 
Rowse Muir Publications Ltd, 
The Rowse Muir Building, 
77-79 Charlotte Street, 
London, W1 
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71-79 Charlotte Street, 
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This latest range of FRIDEN IDP equipment 
will collect data from any number of 
points and punch it onto tape at a data 
processing centre. The FRIDEN 8 channel 
tape code is used throughout the system, 
which consists of two basic units; the 
TAPE OPERATED EQUIPMENT — receivea. 

The great advantages of this system are 
its speed, simplicity, and freedom from 
those inevitable transcription errors 
features are: provision at the trans- 
mitter for identification of each type of 
transmission; checking at the receiver 
for odd parity ofeach codeasitis punched, 
which results in automatic operation of 
an Error Indicator on the transmitter 
calling for repeat transmission; a Line 
Busy Indicator on the transmitter which 
clear; transmission will not commence 
should a data card be wrongly inserted; 
a special code at the end of a card ‘holds’ 
the line clear for any further trans- 
transmitter itself, to be sent whenever a 
transfer code is read. The scope of the 
FRIDEN COLLECTADATA is enormous, and any 
attempt to detail its applications here 
Time Recording and Stock Control, but 
anyone conversant with the executive 
and administrative operations of com- 
merce and industry will envisage many 
BUSINESS MACHINES 
BULMERS have now attained a leading 
position in this sphere of mp, and their 
team of specialists is at your disposal, 
an appointment or to obtain full details 
of ‘COLLECTADATA’ and other FRIDEN IDP 
equipment: 

Bulmers (Calculators) Limited, 47-51 


transmitter, which can be designed to 
read either tape and edge punched cards, 
or tabulating cards, and is connected by 
common cable to the receiver; which 
punches tape and may be fitted with a 
Time Code Emitter to record on the 
of manual recording and collection of 
FROM FAR AND WIDE suspends operation, and automatically 
missions required; up to 18 digits of 
would be quite impossible. Three of the 
other potential fields of use. 
for general discussion or to advise on any 
Worship St., London EC2. Tel: mon. 9791. 


tape the time each transmission is 
data. Amongst its other important 
allows transmission when the line is 
variable data may be set up on the 
most significant are Production Control, 
specific problem. Please write to arrange 

DTV A27? 
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LP. 
(Intermediate 
Power) 


NLP. 
(Noodle 
Power) 







P. 


(Power) 











¥10/1S, ¥10/1SC 
¥10/2S, ¥10/2SC 


V6/2R V6/2RC 
V6/4R, V6/4RC 
V6/8R, V6/8RC 


V10/15A, ¥10/15AC 
V10/30A, ¥10/30AC 
V10/50A, ¥10/S0AC 


¥15/201P 
V30/201P 
¥60/201P 
V15/15NP 
V15/30NP 
V30/15NP 
¥30/30NP 
¥15/10P | ¥30/10P v60/10P 
¥15/20P | ¥30/20P \v60/20P 
¥15/30P | V30/30P V60/30P 





















VHF Drift 
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EU LNa 


TRANSISTORS 


If you have not received a copy of our booklet “Semi-conductor Device Data’’. 





V15/20R 


ask us to send you one. 
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Voltage ratings 10, 15, 20V. 


Switching Rise times down to 
-1 Us (Vro/1S), -2 Us (V10/2S) 


Max. dissipation 125 mW; 
Peak current s00mA. 


Rectangular or K1007/A1/D2 
standard cylindrical style can. 





Voltage ratings 6, 10, 15, 20, 
25V. 


Typ. frequency cut-offs 3, $-5, 


10 Mc/s. 
Max. dissipation 125mW; 


Rectangular or K1007/A1/D2 
standard cylindrical style can. 





Voltage ratings 10, 15, 30V. 
Typ. betas 20, 40, 75. 
Max. dissipation 200omW ; 


Rectangular or K1007/A1/D2 
standard cylindrical style can. 





The NEWMARKET range 


includes them all 


Voltage ratings 15, 30, 60V. 
Typ. beta 40. 

Max. dissipation 2W ; 

Max. current 2 Amp. 


Voltage ratings 15, 30V. 
Typ. betas 25, 40. 

Max. dissipation 15W ; 
Max. current 6 Amp. 
Standard Diamond (JEDEC 


E2-42) Base. Cold welded case. 


Voltage ratings 15, 30, 60V. 
Typ. betas 18, 24, 40. 

Max. dissipation 10W ; 
Max. current 3 Amp. 





Voltage rating 15V. 


Typ. frequency cut-off 30 Mc/s 


Max. dissipation 75mW, 
Max. current 12mA. 
JEDEC TO-s welded case. 


Newmarket 


Transistors Ltd 
Exning Road, 
Newmarket, Suffolk 


Telephone: Newmarket 3381/4 
Cables: Semicon Newmarket 


TA 2722 
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52% saving in om _ 
money in addition to avoid- 
ing production bottlenecks 
and wastage of materials, is 
really something. Buying is 
simple for each of the three 
cradle sizes has a wide scope 
in cable carrying capacity, 
and Cradleclips are so strong, 
there’s no wastage. 

At every stage of switchgear 
production and wiring con- 
tracts, Cradleclip brings out- 
standing advantages. 


-* 


and don’t ~ ‘~ 
%& Cuts wiring time * forget all the other ‘ 
‘ benefits “ 


by 52% 

% Combines high *~ 
speed fixing with 
simplicity and 
security. 


%* Brings a new versatility, compactness and neatness to 


your wiring. 


cuts wiring time | 


. 
~ 
~ 
“senene* 


why 
MCT Ty 
really is 
Ma! 
ly 
Ta LiF 3 


* 


--* 


Completely insulated and suitable for all climates. 


% Electrical and mechanical security in all conditions. 
%& Proved in wiring installations throughout the world. 


Insuloid 


“ Cradleclip ™ 





cradleclip 


is a Trade Mark the property 
of Insuloid Manufacturing Co. Lta. 


TWICE AS GOOD.. TWICE AS QUICK . 
WHEN YOU WIRE WITH CRADLECLIP ! 


Proof of forms. about how you can save money on wiring 

with CRADLECLIP is contained in our Time and 

Motion Study Report which is available now at your request. 
Send for <a descriptive literature on the Insuloid 


Cradleclip 


iring System now and find out about the other 


Insuloid time and money saving products. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, 
Manchester. 


Leaston Avenue, 
Tel: WYT. 2842 & 3163. 
Come and see us on Stand Z8 at the A.S.E.E. Exhibition, Earls Court. 


Wythenshawe, 


CONTROL February 





CONTROL February 1960 Tick No 119 on reply card for further details 








SS 


WN 









Evershed flow or differential pressure 
transmitter, Type ER.125, designed for 
accurate measurement and to give reliable 
service under the most exacting 
, conditions. Suitable for oil, viscous or 
Yj corrosive fluids, water, steam or gases. 





Sane 
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WN 
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WW 


NK 


\\\ 


Vi 


a | 


Where measurements 


matter most — You will find 


Leu instruments 











Evershed simple analogue computer, 
Type ER.92. A computing device for the instan- 
taneous and continuous solution of equations 
occurring in the day-to-day operation of process 
control, boiler control or the control of gas 

or fuel flow systems. 


SPEER ee Or 


INSTRUMENTATION DIVISION EVERSHED & VIGNOLES LIMITED 
ACTON LANE WORKS * LONDON wW.4 - Telephone: Chiswick 3570 Telegrams & Cables: Megger London Telex 22583 
7/136. 
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Now available in the U.K.... 
MINIATURE 10 TURN 


PRECISION HELICAL POTENTIOMETERS 
PK 15 & PM 15 SERIES 

of field tested American type Miniature Precision Helical 
Pots are now manufactured in this Country. DIAMETER 
only fin., 10 turn or 3 turn pots available with resistance 
values of 100-100K ohms. 







And STANDARD 10 TURN HELICAL POTS 
PK 30 & PM 30 SERIES 

—WITH BUSH OR SERVO MOUNTING are larger types with 143 in. diameter, resistance values 100- 
—BALL OR SLEEVE BEARINGS 500K ohms, 10 turn or 3 turn. 

—COUNTING DIALS TO SUIT 


ANGE MINIATURE & STANDARD POTS, WINDOW TYPE 
STANDARD RAN DIALS, INDICATING DIALS, FLUSH LOCKS, SPINDLE 
OF COMPONENTS LOCKING DEVICES and SERVO POTS, SPECIAL 
Standard & Miniature WOUND CARDS and POTS to customers’ specifications. 


Please write for comprehensive catalogue: 


SENERAL CONTROLS LTD 


13-15 BOWLERS CROFT, HONYWOOD RD, BASILDON, ESSEX. Tel: Basildon 20415 


Sales and Service from 61 Factories throughout U.S.A., Canada, West Germany, Switzerland and the U.K. 


CONTROL I1S OUR BUSINESS ° 


AMR WOTORS 





FOR CONTROL PURPOSES 


We produce a range of air motors from tth to 
10 h.p. capacity. Manufactured to multi- 
cylinder construction with high starting torques. 
Globe Air Motors offer infinitely variable 
speeds throughout the entire range. 





THE GLOBE PNEUMATIC 
ENGINEERING COMPANY LIMITED 


ASHTON ROAD, HAROLD HILL, ROMFORD, ESSEX 
Cables: PNEUMATOID, ROMFORD 
Telephone: Ingrebourne 43851 (5 lines) 
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: Baldwin Atomat Nucleonic Thickness Gauges 


ACCURATE, CONTINUOUS, NON-CONTACT INSPECTION 
SAVES MATERIAL, LABOUR AND TIME! 





The Atomat Principle 
RAY SOURCE 
MATERIAL 


i RAY DETECTOR 
Amount of rays passing 
through material indicates thickness 
or weight per unit area. 


That’s the very basic explanation of 
the Atomat principle. There are three 
main gauges; the Atomat Transmission 
Gauge, the Atomat Differential Gauge 
and the Atomat Backscatter Gauge. Te 
In addition there are special purpose | 
variations, made to meet the 


! 
| 
7 | 
requirements of many different | 
industries. | 
| 
| 
! 


0415 


e U.K. 





| 
| 
| HERE’S WHAT AN ATOMAT  s 
> GAUGE CAN OFFER YOU 


@ Time and material saving both in 
production and setting up 


@ High accuracy 


@ Calibration in your usual units 
of measurement 


@ Continuous readings for materials 
in constant production 





@ Auto standardisation and control if you require 


\ @ Minimum maintenance 


Baldwin Atomats are already boosting production and 

cutting costs in the paper, metal rolling, rubber 

and plastics industries. Highly successful 

applications also include the measuring of selenium 

on aluminium, coatings of paint and lacquers, density 
} of wood chips, coatings of grit on abrasive papers 

and padding and resin impregnation in the textile 








industry. But the potential of Baldwin Atomat Send for the Baldwin Brochure C124. 
Nucleonic Gauges has hardly been tapped. It gives full information on ; 
Is there a place for them in your plant? Atomat Gauges clearly and concisely. 





| Baldwin Industrial Controls 


ee Baldwin Instrument Company Limited, Dartford, Kent 


Telephone Dartford 20948 & 26411. Cables & Telex Baldwin Dartford 
A HARPER GROUP COMPANY B22A 
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2INSTRUMENTATION 
NUCLEAR - CHEMICAL - ELECTRONIC 


fock, 


Portable 


CONDUCTIVITY BRIDGE 
TYPE BCI 


Fully transistorised, it operates at 1500 c/s from 
a small long-life dry battery. It covers the 
wide range of 0.5 to 1 X 10® micro mhos in 
six ranges. 


A mains-operated bridge is also available. 
It covers the range of 0.05 to 1 X 10® micro 
mhos. 


A. M. LOCK & CO. LTD., 


PRUDENTIAL BUILDINGS, OLDHAM, LANCASHIRE. Tel: MAIn 6744 


250-ton press of latest 
type, designed for 
automation. The exacting ' 






duties of this machine 
call for components of 
highest quality. 







Vickers — 
Armstrongs 














WY 
Pressure 


Switches in 
British Glearing 
Presses 


Write for List No. 119/¢ which contains 
a full range of our Vacuum and 
Pressure Switches. 


LONDEX LTD. 


ANERLEY WORKS, LONDON, S.E.20 
Telephone: $YDenham 3111 





RE LTP TTT TS Ra 












The choice of Londex pressure switches, 
as shown here, is proof of their reliaBility 
for the toughest of tasks. 
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Drift-proof 
Flow Metering 


WRITE OR SEND THE COUPON TODAY TO 
Honeywell Controls Limited 

Ruislip Road East Greenford 

Middlesex WAXlow 2333 


Please send me: 
Bulletin 2290a 


NAME 


POSITION 


Branch offices in the principal cities 
of the United Kingdom and throughout the world. 


| 
I 
| 
| 
| 
| 
| 
I 
| 
| 
ADDRESS 
| 
| 
l 
| 
| 
| 
L 
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In Honeywell’s outstanding pneumatic balance 
differential converter, ‘vITON’ has now replaced 
Fluon as the standard diaphragm material. 
Neither time nor temperature has a 
significant effect on the characteristics 

of the new material—ensuring stable 
performance. The new ‘viTon’ diaphragm 

has a good chemical resistance. It can be used 
when metering a wide variety of fluids 
including dilute or concentrated alkalies 

and mineral acids, amines and hydrocarbons. 
Honeywell differential converters with Fluon 
coated diaphragms will remain available 


for applications involving other substances. 


Honeywell 
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WORLD FAMOUS FRACTIONAL 
HORSE-POWER GEARED MOTORS 























SERIES WOUND GEARED SHADED-POLE INDUCTION [ 
MOTOR—Type ‘K’ GEARED MOTOR—Type ‘FA’ j 
R.P.M. — TORQUE | R.P.M. — TORQUE R.P.M. — TORQUE | R.P.M. — TORQUE ' 
| 
600 100z.in.| 37.5 4 1b. in. 216 40z.in. | 13.5 2402. in. 
300 160z.in. | 25 4 Ib. in. 108 7oz.in.| 9 300z.in. 
150 240z.in. | 18.8 4b. in. $4 10oz.in.| 6.7 35 oz. in. 
100 32072. in 12.5 4 Ib. in. 36 =: 12. oz. in. 4.5 44 oz. in. 
75 3607. in. 94 4\)b. in. 27 ~=1S oz. in. 3.35 3 Ib. in. ' 
50 3 Ib. in. | 6.25 4 1b. in. 18 20oz.in.| 2.25 4 1b. in. 


Output-shaft has 12 

















positions. 
Integral Wormgear VARIABLE SPEED GEARED CAPACITOR INDUCTION | 
Reduction. «KO» 
Ventilated —- Drip MOTOR—Type ‘KQ GEARED MOTOR —Type ‘N 
Proof. 
Vacuum Impreg- R.P.M TORQUE | R.P.M. — TORQUE R.P.M.— TORQUE | R.P.M. — TORQUE 
nated Windings. | 
Dynamically bal- 200-600 9%oz.in. | 12-37.5 4 1b. in. 456 8oz.in.| 28.5 3 1b. in. ' 
anced Armatures | 
and Rotors. 100-300 16 07. in. 8-22 4 Ib. in. 228 ~=13 oz. in. 19 4 Ib. in. 
$0-150 20 oz. in. 6-16.5 4 Ib. in. 114 _ 21 oz. in. 14.2 41b. in. 
32-100 32 oz. in. 411 4 Ib. in. 76 2602. in. 9.5 4 Ib. in. | 
25- 75 40 oz. in. 3- 8.25 4 Ib. in 57. 320z.in.| 7.1 4b. in. 
16- 50 48 oz. in. 2- 5.5 4 Ib. in. 38 ©4402. in. 4.75 4b. in. 









CITENCO LIMITED 


(Dept. C58) 
MANOR WAY - BOREHAM WOOD - HERTS -« ENGLAND 
Telegrams: Citenco Borehamwood. Telephone: Elstree 3666-7-8 








OIL FREE 
, aaa COMPRESSORS 


1 74 ~ DISPLACEMENT RANGE 1 to 136c.f.m. | 

















In the Food Processing, Brewing, Chemical and 
Paper Industries, also for pneumatic instrument ) 
control, it is essential that the air is free from 
oil in both droplet or vapour form. The @D 
compressors use carbon rings and completely dry 
cylinders to achieve this purpose. } 


ret’ 

; : 

itt ' 5 s Manufactured now for several years they have 
ity Zs a y proved themselves successful in many industries 
she 


For further details please write requesting ‘ 
Leaflet Nos. 4, 20, and 28. 


——w 


illustrated is the twin cylinder model 
having a free air delivery of 50 c.f.m. 


WILLIAMS & JAMES eencinerrs LIMITED 
GLOUCESTER ENGLAND 


TELEPHONE GLOUCESTER 24 TELEGRAMS & CABLE IMPRESSOR GI ESTER 











W3. 1995 
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Type E193 


Ekco aa E193 is a high-speed X-Y Recorder which plots the relationship between 
two inter-dependent variables directly on to standard 10” x 74” graph paper. 

The wide sensitivity range (1 mV. per 1” to 50 V. a rl”)ande ty nally fast response 
(full-scale travel in 200 milli-seconds) make it unusually versatile in the fields of 
performance investigation and process control. 

This instrument will find wide use in research laboratories, 

industrial organisations and hospitals or in any field in which it is necessary 

to chart rapidly-changing parameters accurately. 


Sales, installation and Service 


EKCO ELECTRONICS LIMITED 


SOUTHEND-ON-SEA: ESSEX - Tel. Southend 49491 
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FROM K.D.G. 


"K* SERIES 


PRESSURE GAUGES 





Brand new and made to last, is this New Long Life 


Pressure Gauge by K.D.G. It is guaranteed not to have 


an error greater than + 1°, of the full scale deflection nu ; ; 
between 10 and 90°, of maximum scale reading the f eo ee ; 

; ; te a % Heavy duty BOURDON TUBE design 
remainder of the seale being within + 14%. dr Wary to ens thd epee 
Conforming to British Standard Specifications 1780 1951. ¢ Safety Blow-out Dises 


¥% Extensive Life ...at a competitive Price. 


a‘ ef 
Ry da Full details and specifications of the complete 
SNe K.D.G. range are readily avaiiable from: 


215 K.D.G. INSTRUMENTS LTD., 


a LONDON ~ 
In association with Stow & Partners Led. 
av rye Nd 





MANOR ROYAL, CRAWLEY, SUSSEX <- Crawley 25151 
London Showrooms, Service and Sales: 100 Fleet Street, E.C.4 Tel.: FLEet Street 5354/5 





Ys Aft Ye dn 
Up ff, Im 4 . . 
§ ae ‘/” Level Indication of 


ea UVM Hb py, “My, 


Liquefied Inflammable Gases 


The Ekstrom liquid level indicator 
eliminates the hazards normally 
associated with the level indication 
of liquefied inflammable gases under 


Or 





pressure because all liquid is rs 
confined to metal housings. zs 
-a 
Accidental breakage of the glass rt 
J 
indicator tube does not release @ 
. . . . re 
process liquid nor impair the oH ' 
efficiency of the various alarm 
devices which are available. ss 
Li 
+ 
The Ekstrom liquid level indicator rs 
shown here is indicating the level of “3 
liquid butane in a storage tank ) 
A branch tube from 
at the Luton works of Messrs. the storage vessel é 
, : carries a magnetic : 
Vauxhall Motors Ltd. on a seperate aan ' 
indicator tube carries : 
; 


a_ hollo oO ball 
Send for leaflet CC.2045/9 that follows the float te : THI 


with complete fidelity. 


ha wie ; ?0 FEl 


FLUID MEASUREMENT AND CONTROL 
FLOW-DENSITY- LEVEL 





ROTAMETER MANUFACTURING CO. LTD., 330 PURLEY WAY, CROYDON, SURREY ~- Tel: CROydon 3816/9 
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ices 


TRIP AMPLIFIERS 


for monitoring 


TEMPERATURE, STRAIN, 
and any low level d.c. signal. 





another transformer problem ? 


try A.T. for really high performance 3 phase transformers Sune ealtaat featene: 


Transistorised high-speeed chopper 
amplifier. 


Relays and lamps operate at alarm 
and trip levels. 


Trip margin indication with two 
scales at 10:1 sensitivity ratio. 


ge LE LL LLL LLL LLL 


Lockable pre-set trip level control 
calibrated 0 — 1000. 





Rejects extraneous 50 ¢.p.s pick-up. 
Aero Transformers’ standard range includes units up to 3-K.V.A. 
(50 c/sec.), and 10-K.V.A. (400 c/sec.). Alternative cores, E-core 





«€. 
~« 
<< 
<< 
ae < 
ae 
eS 








and lamination are available. All are of rugged construction, Incorporates all possible fail-safe 
compact design and silent operation. hei 
An extensive stock of semi-standard components allows rapid techniques. 
; assembly and delivery of units built to customer’s specification. 
(| Did you know that Aero Transformers Ltd. offer a compre- Compact S12, 8?” x 34" x 13” 
; ' hensive varnishing service? Our improved R.C.S. 214 vacuum Lo . 
—— ‘ process may be of interest to you for your own high per- deep allows $ units per standard 
4]| { formance equipment. 19" rack. 
Please write for full details 
AERO F ther i: l 
or further information please contact: 
TRANSFORMERS LTD. ee 
: MURPHY RADIO LTD (ELECTRONICS DIVISION) 
t 229 Shenley Road, Boreham Wood, Herts. WELWYN GARDEN CITY, HERTFORDSHIRE. 
169 Telephone RADLETT 4921/2 | TEL. No. WELWYN GARDEN 3434. 
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Take a 
Waa eS 


Whether it’s road traffic or trains, ball 
bearings or bottles or a thousand other permu- 
tations that you need to count, the compact 
Dependable miniature high speed electro 
magnetic counter is the precise answer. 


Dependable miniature high-speed 
electro magnetic counter 


Five figure manual reset standard model 
5” x 4” x 23” makes 1500 counts a minute. 
Outlet for P.E. cell or other ultra 
sensitive contacting units. Selector 
switch for P.E. cell or normally open or 
normally closed contact operation. Contact 
rating 500 microamps. Either A.C. mains 
or 12 v. D.C. battery operation. 

Model 3000 is similar but counts 3000 a 
minute. Both units can be supplied with 
batch counting and electrical reset, 
size approximately 5” « 4” x 5”. 





The full facilities and skilled advice of our 
Engineering Dept. are available for develop- 
ment work and installation of complete control 
equipment. 

Type 3000 and type 600 Dependable relays are 
manufactured to P.O.,A.1.D.,R.C.S.and R.C.L. 
specifications. Please send for full information. 









process timers 
cyclic timers 
delay switches 
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for automatic process 





Part of a special 
sequence control panel. 


A full range of high 
accuracy electronic timers 


(for periods up to five 





minutes) enable many pro- 
cesses to be left to carry on automatically. 

Repetitive accuracy is + 2%. 

While the Elcontrol single and cyclic units are very use- 
ful, a complete sequence panel may be more so. 

Let us help you towards the full benefits of automatic 
process control. 


Appointed Agents Telephone 
Midlands A.M. Lock & Co. Ltd., Newborough Rd., Solihull. Shirley 5703 
N. West A.M. Lock & Co. Ltd., Union St., Oldham. Main 6744 
Scotland A. R. Bolton & Co., 3a St. Vincent St., Edinburgh 3. 32035 


write to: ELCONTROL LTD., HITCHIN, HERTS Hitchin 2411 


mM ELCON TROL 


Trade Mark 
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LUNRAC 


from 


LUNDS 
of Wandsworth 


The recently introduced standard rack from Lunds of 
Wandsworth is already making a name for itself. The 
Lunrae is sturdy, well designed, and easily adaptable 
to suit varying conditions and specifications. 


Note these Lunrac features: 


@ Rigidly constructed from 10 @ Price £38 . 10.0. 
eed oe oy @ Facilities for floor mounting or 
mered stoving enamel. on castors, 


@ Standard 19” panel mountings @ Single or multi-bay assemblies. 





tapped O.B.A. 


@ Easy accessibility through hinged 
rear door and quick release side 
panels constructed of 18 G mild 
steel. 


@ Racks can be dust proofed, force 
ventilated or sound deadened. 


Further details on application to 
the address below: 





r high 
timers 
to five 


ny pro- 


ery use- | 


tomatic 


Telephone 
Shirley 5703 
Main 6744 
32035 


chin 2411 


ye 


ry 1960 





Bendon Valley, London, $.W.18. Phone : VANdyke 7676 
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...for the automatic switching of electric- 
ally powered pumps, signal lamps and 
alarm devices in relation to the level of 
electrically conductive fluids or their foams, 
contained in tanks, sumps, boreholes and 
process vessels. The control employs one 
or two simple, non-corrosive metal dip- 
sticks (of which there is a wide choice of 
types) to detect the rise or fall of level 
above or below one or two pre-selected 
points in the containing vessel. Effective 
operation is independent of vibration, 
turbulence, temperature, floating debris or 
pressure. 


%& FULLY AUTOMATIC 
% NO MOVING PARTS %& HIGH SENSITIVITY 
% MINIMUM MAINTENANCE y& LOW COST 


Descriptive leaflet available upon request 









aw Ie see i) Tie 


ett SWITCHGEAR 
eh (LONDON)LTD. 


LETCHWORTH HERTS - TEL: 1853 


ELECTROLYTIC CONDUCTIVITY MEASURING SETS, 


RECORDERS, CONTROLLERS AND CELLS ° CONTROLS 
JID AND SOLID LEVELS + TIMING « PHOTO 


PACKAGING REGISTRATION 





47 VICTORIA STREET, WESTMINSTER, S.W.1. ABBEY 2771/5 
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Write for 

Catalogue G. 100 
Temperature Contro/ 
Switches 


THE GRAVINETTE 





THE GRAVINETTE ~- CARTRIDGE TYPE SERIES 1000, TENSION OPERATED 
A miniature precision unit for Surface Mounting, to provide These precision temperature control switches are designed 


for optimum temperature control on applications where primarily for use in heater blocks, heated plates and similar 


space is at a premium, The Gravinette is an adjustable unit a ‘ ‘ . 
; : : applications where excessive moisture or vapour Is not present. 
and is offered in four versions :— 


Type TCS 3150, normally closed, range—7o°C to 100°C, Possessing the desirable features of the ideal thermostat, the 
Type TCS 3151, normally open, range 70°C to 100°C, Graviner Temperature Control Switch is of convenient size 
Type TCS 3250, normally closed, range 40°C to 250°C, and shape, adjustable and resistant to vibration and shock, 
Type TCS 3251, normally open, range 40°C to 250°C, and easv to install. 

Normal rating 1 amp. on 250¥ ; 

1.C., and 2 amps on 28v D.C. Current Rating § amps 250v. A.C. for standard types. 









ong een 


CONTROL . — <= 


For further details of our complete range write or telephone 


GRAVINER -: COLNBROOK : SLOUGH : BUCKS 


SWITCHES Telephone: Coinbrook 2345 


Specialists in Airborne and Industrial Fire and Explosion Protection, Nuclear Development and Production Engineering 


Re cena 
we a 


Sewanee 


Photo by kind permission of A.V. Roe & Co. Ltd 


They’ve got to be 





The simplest and most reliable of all. They 
PRESS their contacts together to open them 
with a SNAP. 


WORLD PATENTS 


INCLUDING PATENT 
NUMBERS 600055, 
622781, 624905, 657434 
713443, 749716, 774911, 
782668, and others. Also 
other patents pending. 


REGD. 


THERMOSTATS 


OTTER CONTROLS LIMITED 


Otters ’ole, Market Street, Buxton = Telephone: Buxton 650 
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Section through a typi- 
cal Kwik Joint coupling. 
Showing lever in un- 
locked position. 

An instantaneous coupling 
for use with water, oil, 
petrol, steam, gas, com- 
pressed air and chemicals. 
Manufactured in gun-metal, 
cast iron, aluminium and 
stainless steel. Working pres- 
sures up to 250 psi. Please 
write for leaflet. 

Single lever type for 100 psi 
maximum. Manufactured in 

$ in, and j in. sizes only. 


COUPLINGS 


ADAPTOR 


PA 


SCREWED MALE 
OR FEMALE 


SCREWED MALE 
OR FEMALE 





HOSE TAIL 


G 
BLANK CaP 


HARRISON| 





COMMERCIAL STREET WORKS 
KNOTT MILL * MANCHESTER * 15 
Telephone: CEN 6753/4 Grams; Bronze Manchester 
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X-Y recorder 





Quick delivery 

Price £375 

Unconditionally guaranteed 
for one year 


The HR-92 is a null-seeking servo- 
type plotter designed to draw curves 
in Cartesian coordinates on regular 
8} X 11 graph paper. It employs 
conventional chopper amplifiers, 2- 
phase motors and a potentiometer 
rebalance. Reference voltages are 
furnished by mercury cells. Control 
panel has zero set and continuously- 
variable attenuator for each axis. 
Separate standby and power switches 
are provided. The two axes are 
electrically and mechanically 
independent. By moving an internal 
jumper lead, a high impedance 
potentiometer input can be made 
available. 


Limit of error better than 0-5%, 


SCIENTIFIC FURNISHINGS LTD 


CHESHIRE 


POYNTON 


Telephone : Poynton 2815/2776 
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ip en neatly solved. 


. 


Messrs. X. wanted this special type 

of transformer. . . with the help of a 

\ Fortiphone specification sheet (on the 

<a left), and our vast experience, his 
Frmery #Y  yighet \ exact requirement was provided in 


ae ee “al 
y a toe =" \ 
pao’ - - \ 


. i 
ry: 

primst > 

at F 


only a few days. 


ap used *— 


Enquiries to: 


ORTIPHONE 110 


TRANSFORMER DIVISION, (Dept. 3) 


92 MIDDLESEX STREET, LONDON €E.1 
Bishopsgate 0871 


*VISIT OUR RETAIL SALES COUNTER AT 92 MIDDLESEX STREET 





AB 
COMPRESSORS 


The H.P. two cylinder inline base mounted air compres- 
sor offers the advantage of being a lightweight, compact 
high output compressor. It has a displacement of 11.6 


C.F.M. at 1.500 r.p.m. and a maximum working pressure 
of 120 p.s.i. 


Extensive use is made of aluminium alloy materials 
which result in a total weight of only 15 Ibs. The 
deeply finned die-cast aluminium alloy crankcase and 
cylinder head enables an adequate heat transfer for air 
cooling. Bore and stroke are of approximately square 
dimensions and replaceable liners are fitted as standard 
equipment. 
MODELS AVAILABLE 


Type IC.13. General Industrial Compressor. 


Type RC.13. Refrigeration and Air Conditioning 
Compressor. 


Type C.13. Automotive Compressor. 


Simply write for literature Publication No. A503/106 
HYDRAULICS & PNEUMATICS LTD, WULFRUNA WORKS, VILLIERS STREET, WOLVERHAMPTON. Tel: Wolverhampton 24456 
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BREAKDOWN HERE COULD COST 


A FORTUNE 
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What is the most important piece of machinery in your factory ? 


What would be the cost per day to your business if it were to break 
down ? 


It is now possible to cover the loss of profits resulting from such a 
breakdown as well as the cost of repairing the machine itself. 


Policies can be issued to meet the particular requirements of any 
business. 


In this way you can be indemnified against the serious interruptions 


to your business which can be caused by machinery breakdown. 


Should you feel in need of the protection of this new form of insur- 
ance we can send an engineer to advise you and inspect your plant. 


Write to D. H. EVERS, Industrial insurance consultant 


ONE ARUNDEL COURT 
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JUBILEE PLACE LONDON 


Tick No 146 on reply card for further details 














oa 












Tick No 147 on reply card for further details Tick No 149 on reply card for further details 


Made easy and accurate 
ervo with Servo Consultants 


Transfer Function Analys- 







ANY SHIPPING PROBLEMS ? 
EXPORT & IMPORT 


FOR EXPERT TECHNICAL PACK- 
ING, SHIPPING, DOCUMENTATION 
AND INSURANCE, CONTACT: 


MERIDIAN 


3, COPTHALL BUILDINGS, LONDON, E.C.2. 
Telephone: MOOrgate 9349 (2 lines) 


WE COLLECT, PACK AND SHIP 
FULL COMPREHENSIVE SERVICE 
FROM WORKS TO DESTINATION 


WE SPECIALISE IN ELECTRONICS 


ers and Automatic Nyquist 


Testing == 














SHIPPING & FORWARDING 
COMPANY LIMITED 








These versatile instruments may also be used for : 
* AC Servo Testing 
* Mechanical input system testing 
* Hydraulic and Pneumatic Servo testing 

































We also manufacture Very Low Frequency Generators, 
| Process Analysers and a Standard Range of Servo Gear- 





boxes. 
YOUR ENQUIRIES ARE INVITED “can + Servo Consultants Ltd. 
write to: § 17 Woodfield Road,London, W.9. Tel. CUN 7073 
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LEECH 
LENSES and PRISMS | 


SIMPLE or COMPOUND + MOUNTED or UNMOUNTED 








AUTOMATIC BUNKER 
LEVEL CONTROL 


MAIHAK 


} 
% CONDENSER LENSES, any diameter up The Maihak Bunker Level 
to 10 in. in plano-convex. Bi-convex and Indicator automatically controls 
meniscus to order. the filling level of fine and coarse 
PRISMS. grained bulk mass such as coal, 
coal dust, grain, plant husks, saw- 
* ACHROMATIC LENSES. dust, soap flakes, dried milk, etc. 
%& COLOUR FILTERS. The Indicator can be fitted with 
either acoustic or visual signal 
* FLATS. equipment and the Maihak switch 
% PLANO-CONVEX, PLANO-CONCAVE, on the paddle operates, if required, 
BI-CONVEX and BI-CONCAVE LENSES the control pump or conveyor 
of all sizes for students, laboratory and carrying the material to the 
research work, loose or in caskets. Bunker. } 


Complete details available from 
Sole Sales and Service 


Representatives in 


Enquiries invited for optical units or whole systems for research MAIHAK Ge. Ditinis end Iecland 
laboratory and industrial work, also components for experimental 


The HUMMEL OPTICAL COMPANY LIMITED SMAIL SONS & CO. LTD. 


NEW HOUSE + 67-68 HATTON GARDEN+LONDON-EC1 | 21/23 INDIA STREET, GLASGOW, C.3 
Telephone : HOLborn 1752 Telegrams : Bycorner Cent London Telephone: CiTy 3301 Telegrams: ‘‘STEAM'’ GLASGOW 


* STUDENTS’ QUALITY PRISMS. 
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Hendrey 
Spark Recorder 
Type 1487A 







For full details and 
specification ask for 
Catalogue Sheet 


A4 


Compact and weatherproof, this single channel recorder is light in weight and 
easily portable. The perspex window gives a clear view of the heat sensitive chart 
for approximately 6” of i‘s length. 


QQ * °=°F—=EO_v0td.www 5 Fae 


The instrument can also be used mounted on bench, wall or panel and is supplied 
with mounting plate incorporating three anti-vibration mountings which render 
the instrument shock-proof and vibration-proof to service standards. 


An electro-magnetically operated siylus, operated by a separate switch not sup- 
plied with the recorder, provides tran.verse markings near the edge of the chart. 
Provision is made for an external alarm circui! which can be pre-set to operate 
at any deflection from zero to full scale by mean; of a control on the case. 


Sensitivity —50 micro-amps. Full scale. 
Supply —12 Volt, D.C. 


Hendrey Relays 


HENDREY RELAYS LIMITED 


392 BATH ROAD - SLOUGH - BUCKS. Burnham 609/611 
MANUFACTURING ELECTRICAL ENGINEERS 

CONTROL AND LABORATORY APPARATUS 

A.I.D. AND,A.R.B. APPROVED. 


(Rn ee a Eg ae ee Ae LRT I A RR CLT 
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VIBRATION 


This vibrator has been developed 
to fill in the need for a medium 
power vibrator with a table 
surface in place of the usual single 
point drive spigot. The table is 
cast from a high duty magnesium 
and is 6 in. (15.2 cms) in diameter 
and provided with 12 x j in. B.S.F. 
tapped holes for attachment of 
the test object. The moving coil 
is attached directly to the table 
casting. The weight of the moving 
system is 17.6 Ibs. (8 Kgs.) and 
a bare table acceleration of 31 ‘G’ 
peak can be obtained for an input 
current of 10 amps., which is 
equal to a thrust of 550 Ibs. peak 
for an input power of 1 KW. 
The vibrator can also be supplied 
with a blower (V1000C.B.) and 
will deliver a thrust of 750 lbs. 
peak for an input power of 2 KW. 
Can be trunnion mounted if 
required. 


> CONTROLLED 


TYPE Vi000C 





MOVING COIL 


VIBRATOR 


designers and BRYAN 
manufacturers 
of amplifiers 


and vibrators 


EAE! 


for modern indusiry, 





W. BRYAN SAVAGE LTD 


17, STRATTON STREET, LONDON W.1I 
Telephone : Grosvenor 1926 
DaS260C 
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Magic Eye 
Head 


This Photo-Electric Cell 
and Housing has been 
designed for use in con- 
junction with the Print 
Registration Control Unit 
for the “‘Watford”’ Mark I 
Overwrapping machine 
and the Type ‘‘B” Batch 
Counter. 


Because of its compact- 
ness and simplicity of 
design it has been found 


easily adaptable for all 

kinds of work requiring 

a registration system. 

The housing is of an aluminium 
alloy casting giving great strength 
and at the same time being ex- 
tremely light in weight. The finish 
is in matt black stove enamel—or 
to customer's requirements. 


Length: 54 
Width: Zz 


H. & B. PRECISION ENGINEERS LIMITED 


Colonial Way, Station Est., Watford 
Tel.: Watford 26259 
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& ADCOLA 


ELECTRONIC INDUSTRIES 
SOLDERING TOOL 
FOR THE 
TRANSISTOR AGE etc. (Regd. Trade Mark ) 


ELECTRIC SOLDERING 
EQUIPMENT 


Manufactured in all Volt Ranges 
from 
6/7 to 230/50 Volt 
with elements 
Insulated from Earth 





A PRODUCT FOR 
PRODUCTION 
Designed for continual 





dope use on bench line assembly 
(Cat. No. 70) 
PROTECTIVE 

SHIELD BRIT. FOREIGN PATS. AND 
(Cat. No, 68) 


REG. DESIGNS ETC. 
Standards approved in 
all leading countries 





Catalogues 

Head Office, Sales & Service 
ADCOLA Products Ltd 
GAUDEN ROAD 
CLAPHAM HIGH STREET 
LONDON SW4 


Telephones 
MACaulay 3101 & 4272 
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PRINTING COUNTERS 


ELECTRICAL AND MECHANICAL 


IMPULSE 
ae COUNT PRINTING 
TIME 
RESEARCH COSMIC RAYS, NUCLEONICS ETC 
ENGINEERING MEASURING, WEIGHING, TIMING 
PRODUCTION OUTPUT SURVEY 
: SPEED— 


Max. 50 number 
changes per sec. 
PRINT—2} in. paper 

roll or cards. 
CODE— Adjustable 
——— with each 
print; 1-3 digits; 
specials available. 
DIGITS— 
Max. 7, standard 
4-6. 
ZERO-SETTING— 
Automatic or 
Manual. 





ALSO NON-PRINTING 
PREDETERMINED BATCH COUNTERS 
INDICATING COUNTERS 


RADIATRO 7 SHEEN PARK 


RICHMOND, SURREY 
Tick No 156 on reply card for further details 


Telephone: RIC 3285 
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from 1/250th to 4rd h.p. 


UNIVERSAL 1/250 to } h.p. 
SINGLE, SPLIT-PHASE 1/100 to 

} h.p. and CAPACITOR 1/80 to 
1/6 hip. 

3-PHASE 1/20 to } h.p. 
SYNCHRONOUS 1/100 to I /Iéh.p 
SHADED POLE 1/160 h.p. at 


We have been in 
the forefront of 
developing Fraction- 
al Horse Power 
Motors for the past 
25 years in the 


industrial field, and 1,300 r.p.m. 
are able to meet the GEARED UNITS 0.125 to 
large variations 600 r.p.m 


in demand. 


Torque up to 850 Ib/in. 


SUOLOW YWIMOAGISUOCH 






FRACMO 


Send for 
illustrated leaflet 
No. AB57 
showing our 
range of motors. 


FRACTIONAL H.P. MOTORS LTD 


Rookery Way, N.W.9. Phone: Colindale 8022/3/4 
Also in Derbyshire 


DaF26N.P. SRE R r emaRRRBRES 
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~~ VOLTMETER 
AMPLIFIER 
DECIBEL METER 





imV to 100V rms. Type 'V.208 


10c/s to 6Mc/s (1dB). 
Input imped: 2Mohms/40pF. 





_ Voltage gain: 1000. 
Max. output 1°75V r.m.s. from 
source impedance of 600 ohms, 


Reference level: ImW/600 ohms. 
dB range: — 58 to + 42 


@ Large (5”) mirror scale meter with dial illumination. 


@ Single, easy-to-read logarithmic voltage scale (1-10) 
with first indication (1 mV) at 10% scale deflection 
and calibration markings of 0°1 steps (1-5) and 
0:2 steps (5-10). 


@ True logarithmic meter providing accuracy of con- 
stant percentage of indicated voltage at any level 


and virtual immunity from overload damage. 


@ High order of long-term stability including effect of 
mains supply variations. 


@ Open scale provides sensitive null indication to levels 
well below 1 mV. 


® Approved replacement for discontinued type 378B/2. 


PRICE £75 FARLY DELIVERY 


FURZEHILL =LABORATORIES 


LIMITED 


57 Clarendon Road, Watford, Hertfordshire 
Tel: Watford 34686 Cables: Furzlab, London 


= . ee ~ - 
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SINE-COSINE POTS 


make computers compact 









These pots replace gears, cams in data con- 
verters and computers. They are low-inertia, 


low-torque, long-life, low-noise with special 


toroid winding. 


Condensed Specification 


ee 20 KQ per quadrant 
Conformity .............. 1% pk-pk into 1 MO 
Starting Torque......... | GCM per gang 


Angular Accuracy....... + 0.15% 
Max. rated Speed...... 600 RPM 


ei iat tide cses 0.1 GCM? per gang 
Nominal Life............. 5 x 10° cycles 
Shockproof............... 60 g 


for details write to :— 


KYNMORE ENGINEERING CO. LTD 


19 Buckingham Street, London, W.C.2 


Data also available on other 
KYNMORE COMPUTER COMPONENTS 
e.g. DIGITAL DIALS, 10-TURN POTS, HIGH 
SPEED ELECTROMAGNETIC CLUTCHES AND 
POTENTIOMETERS WITH BUILT-IN CLUTCHES 
AND POT-SERVOMOTOR MODULES 


183 
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ELECTRICAL REMOTE 
CONTROL CO. LTD. 


Manufacturers of Electrical 
Timing and Control Apparatus 


* 


Range of fully automatic process timers for AC 
and DC. 


Range of cam operated hand reset process timers 
for AC and DC. 


Multiple contact and mercury relays for AC and 
DC. 








Special purpose control 
requirements. 


panels to customers’ 









Miniature automatic 
synchronous timer type 
ZX 1-12 continuously 
adjustable independent 
timing circuits with or 
without time setting dials. 
Timing ranges between 
0-30 seconds and 0-28 
days. Switching capacity 
10 amps at 230 v AC. 
Overall dimensions of 
2-circuit unit 22°» 34”. 53” 


HARLOW, ESSEX 


Tel.: Harlow 24285 
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RELAY USERS 


“ CORREX” 
4 TENSION GAUGES 


The only instrument 





solely designed for accur- 
ately measuring tension 
on Relays, Contacts, 
Switchgear, and electri- 
cal apparatus of all kinds. 
Gauge measures. in 
grammes, and a large 
range of sizes is produced 
to cover from 0.3-2,000 
grammes. 

Swiss made and guaran- 
teed. 


Write for illustrations and prices from the 
Distributors throughout the U.K. 


JAMES W. GARR & CO. LTD. 


Dept. SALES 7-15 Rosebery Avenue, LONDON, E.C.I 
Telephone TERMINUS 8866 (P. B.X. ) 
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TO INDICATE CONTROL OR RECORD 
LU 1 M aw J aa 


For accuracy, ease of reading, robustness, economy and long, 
trouble free life install Rototherm Thermometers, Controllers 


and Recorders. Specialistis in bi-metallic applications. 
Write for details. | 
ototherm | 
BI-METAL MERCURY-IN-STEEL VAPOUR PRESSURE 
THE BRITISH ROTOTHERM co. LTD. | 
Merton Abbey, London, S.W.19 LiBerty 766! 
Midland Factory: Hollis St., New Bisf-rd Nottingham 77847 


Tick No 162 on reply card for further details 


DRALLIM 
MULTI-WAY SELECTOR VALVES 


or | 

< MOUNTING 
‘ 
' 
NO LEAKAGE : 
BETWEEN ; 
PORTS 
4 ' 
ADJUSTABLE c LONG x 
> 2 < LIFE t 
MANY TYPES AVAILABLE é 


Send or phone for specification sheet No. 2 


DRALLIM INDUSTRIES LIMITED, 


STATION WORKS, WESTHALL ROAD, 
UPPER WARLINGHAM, SURREY, 
PHONE:- UPPER WARLINGHAM 2873 
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Pre-determining Counter with 
Auto-reset 





Single Digit Counters which 
can be assembled in groups. 
Forward or backward count- 
ing. Auxiliary contacts for pre- 
determining 


Electrical Reset High Speed 
Counters 








Our range of counters offers in the most compact 







Instantaneous Manual Reset 
High Speed Counters (10 or 
25 impulses per second) 


form types for all requirements. The total full 















Send for full details of 
the above and other 


size width of the group above is only 6 inches. 


counters in our range to 


THE STOWEBRIODGE 
ELECTRICAL CO. LTD. 


6 Queen Anne's Gate - London - S.W.1 
Telephone: TRAfalgar 1444 








LEARN ABOUT THIS 
NEW CONCEPTION OF 
SMOOTH RUNNING... 


@ Even load distribution. Maximum 
300,000 r.p.m. 


permissible speed shaft dia. mm. 





@ All needles supplied to a tolerance 
of -+ 0.00004” on diameter. 


" BEARINGS 


Head Office and Factory Please write for 
ee eB BEARINGS LTD your free copy 
Jept. C. Dafen, Lianelly. Tel: Llanelly 2056 

and 2681. Telex: 4816. of the New 











FRE 


Technical 


Ina Bearings are manufactured in Great Handbook 
Britain, France and Western Germany. 
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SECONDS TIMER 


SHEWING : 


Divisions of One Tenth of a Second. 

Visual Record of Tens and Hundreds up to one Thousand. 
Instant Start and Stop by Electrical means. 
Manual Re-set to Zero. 

Special Extra—Reversible Motor for Re-set. 


Makers of Timers of all sorts. 


DEVON INSTRUMENTS LIMITED 
GLOBE HALL WORKS, TOPSHAM. Topsham 3547 


Tick No 166 on reply card for further details 


PENNY & GILES 


MUDEFORD - CHRISTCHURCH * HANTS 
TELEPHONE HIGHCLIFFE 2855 


RECTILINEAR 
POTENTIOMETERS 


FOR REMOTE INDICATION AND 
RECORDING OF DISPLACEMENT 


STROKE LENGTHS 
Up to 9 inch for Type LP 2 
Up to 24 inch for Type LP 1 


TWO RESISTANCE ELEMENTS 


AMBIENT TEMPERATURES 
Available for use in the following ranges 
—50°C to + 85°C 
—50°C to +-150°C 
—50°C to +250°C 


RESOLUTION of 0-001 inch can be achieved 
WRITE FOR DATA SHEETS 


Also manufacturers of potentiometers in size 11 
and size 15 synchro mountings. 
Single and multi-gang. Single and multi-turn. 
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FOR PRINTING = 
INSTRUMENT 
OR CLOCK DIALS 
PRINTED 
CIRCUITS etc. 









The DURAMET metal photo 
stencil screen is an all-metal unit 
consisting of a metal stencil 
bonded to metal gauze. It is 
equally effective for printing on 
metal, plastic, wood, and paper 
and gives results previously 
thought to be technically im- 
possible. 

MAIN FEATURES OF DURAMET 

@ many times the usual stencil life — 

®@ consistent fineness of detail ae 

® complete freedom and choice of inks and washes 

®@ dimensional stability @ thick and thin deposits 


N. M. ROTHSCHILD & SONS 
ROYAL MINT REFINERY 
19 ROYAL MINT ST., LONDON, E.1 
ROYal 7061 


~ 
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Simplified Control with 


NEUMO 


AIR OPERATED PUMPS 
and MOTORS 


Many industrial users are 
finding that control of 
liquid flow by means of a 
simple valve in the delivery 
line is all that is required 
when using Neumo positive displacement air operated pumps. 
This valve may be at any distance from the pump enabling 
operators to control pumps at distant points of delivery. 
The system is reliable because no extra control gear is employed, 
the pump merely stalling by back pressure in the delivery line 
and recommencing delivery upon release of the pressure. The 
possibility of raising undue pressure in the line is avoided by 
automatic over-load devices in the pump which can be set to 
come into action at a predetermined pressure. 
Pumps are made in a wide variety of materials to cope with all 
liquids. Neumo motors containing only two moving parts are a 
safe, reliable means of obtaining reciprocating motion and again 
may be stalled without damage. 

Write for further details to: 


NEUMO LIMITED 
South Coast Road, PEACEHAVEN, Sussex. 
Telephone: Peacehaven 2115 & 3354. 


CONTROL February 1960 





Tick No 173 on reply card for further details 








details 


, 
ce 
a 
- 
= 
= 
~ 
~ 
~ 
~ 
‘ 
> | 
x 
ae 
“= 
at 
- 





r details } 


pumps. 
enabling 


nployed, 
ery line 
re. The 
ided by 
/ set to 


with all 


ts are a 
nd again 


Sex. 





ry 1960 


ith 
MPS j 
ORS 





Tick No 169 on reply card for further details 














* Up to 8 changeovers, 15 amp at 250V a.c. 
* Light duty twin contacts can be incorporated. 
e '  * P.T.F.E. insulators on moving parts. 


* Designed to withstand severe shock and vibration. 
* Full tropical finish. 

* Prototypes available in 24 hours. 

* Bulk deliveries commencing within 14 days. 


Manufacturers of the full range of 
Post Office Types 3000 and 600 relays. 


L. E. SIMMONDS LTD. 


BYRON ROAD, HARROW, MIDDLESEX. TEL: HARROW 7797 PBX 
TELEGRAPHIC ADDRESS: SIMRELAY, HARROW 


NEW & (a 


MINIATURE 





ACTUAL SIZE 
METER mobeL 220 UNIQUE! 


DESIGNED TO SAVE SPACE ON MODERN EQUIPMENT 





TECHNICAL ADVANTAGES APPLICATIONS 

Centrepole Meter—Magnetically shielded Tape Recorder level meter 

High torque to weight ratio *S’ Meters 

Stick free operation PROTOTYPES Output Monitors 

Minimum panel space Indicators 

Maximum readability QUICKLY Control Panels 

Very robust—shockproof jewels SUPPLIED Complete transistorised assemblies 

Transparent case—shadowless readings Multi-channel Installations 

Horizontal or vertical mounting Computer Circuits 

Light weight Null Indicators 

Ranges from 20 nA and scores of other similar applications 
Very competitive prices Write for full details to: 
MONTROSE AVENUE, SLOUGH, BUCKS. Telephone SLOUGH 21381 


EE 
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y t e q 
JOHN MORRIS | | ype 
ELECTRICAL ENGINEERING CO. LTD. a , pe ec 


BILSTON TEL 41237-8 STAFFS 




























2 POINT 2 SCREW FIXING 
The quickest, most con- 
venient, most versatile 
and economical Cable sec- 
uring method yet available 
CONTROL RELAYS aes eee 
wall and panel mounted 
: er : wiring installations. 
s The AS Cable Saddles @& 
* A new mechanism will accommodate cables 
styled to accept the of any diameter, type or 
most up-to-date, pre- combination, providing 
cision made, positive complete security with 


; : the highest insulation and 
self starting, Swiss anti-corrosive qualities in 


made Relhor Timing any :limatic conditions. 
Mechanism. Only 3 sizes are required © 
to cover the most complex ~% 
cable assembly. 















Patented, double AY AT Lut: 


break, contact action. teat Maal | 
Generous tracking Ciaran ie GLI GY 
distances with fully 
moulded, non-hygro- 
scopic insulation. 


Made from 
immensely 


; : ae PAC 
% Time delayed pick up or drop off. 
Orde: Ul 


stronger than 


ASK FOR LEAFLET CR150453 


metal 


n SS U t) | Absolutely anti- 


etek LS 


adjustable Self tensioning 
cable saddles |iECTr 


Developed from the No need to carry 
type AS above, but Fed) stocks of 

specially adapted for 
use with standard cable components 


racking. 
we SAS 


TWO POINT SINGLE SCREW FIXING 


The type SAS Cable Saddle will efficiently secure, with 
a single screw cables of any diameter or diameters in even 
less time than ever before. Only two sizes are necessary 
to cover all requirements. 
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SINCE I880 


Makers of Precision 
Gears 



















ee re 


All types up to 8” diameter 
10 to 64 D. P. | 


Send your enquiries to:— 


G. W. EVERY & SONS LTD. 
49 Thornhill Rd., Islington, London, N.1 
Telephone: North 1827 


Fully descriptive literature on both AS and SAS Saddles, 
together with sample components, 


Other INSULOID Products 


Flexiguard Cable Trunking, Busbar Insulation, NX, X and CY 
Cable Clips, Quick Fix Ring Lock Bushes, and the "sensational 
Cradleclip Wiring System. 


INSULOID MANUFACTURING CO. LTD. 


Sharston Works, Leaston Avenue, Wythenshawe, 
Manchester. Tel: WYT. 2842 & 3163. 
Come and see us on Stand Z8 at the A.S.E.E. Exhibition, Earls Court. 
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‘SPECIALS’ ARE OUR BUSINESS! 


Automatic Electrical Controls built to 
YOUR specification, or to our own design 
for use with Pumps, Generators, Com- 
pressors, Alternators etc., giving automatic 
start and stop for Diesel, Petrol, or Electric- 
ally Driven Equipment. 


Safety, Alarm and Indicator Units for 
Switchgear, Control Consoles and Panels, 
high and low levels and/or pressures. 


= a 


hs 


<a eo 
—i- ee ae 
ak i &s 
4 ote pe eed re 


. + YOUR enquiries will receive prompt attention 


| tee ‘ 

“ 

AUTOMATIC MAINS FAIL- Th aor 
| 

| 






URE CONTROL CUBICLE 
| A NUMBER OF WHICH LORD’S CONTROLS LIMITED 
aia: “eumon 15 Victoria Avenue, Camberley, Surrey 


NETWORK. Telephone: CAMBERLEY 1399 
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FLAMEPROOF ENCLOSURES 


DAVIS of DERBY have specialised for many years in 
the manufacture of Buxton Certified Flameproof Enclosures 


F.L.P. Enclosures are available and Enclosures 
can be designed to individual requirements to 
cover Groups |, Il and Ill gas hazards 


A range of certified Intrinsically Safe Equipment for 
use in gassy atmospheres, including hydrogen, is available. 
Also Pneumatic Electric Lamps for safe lighting in 
dangerous atmospheres, and Signalling and Sequence 
control for conveyors, etc. Anemometers and Ventilation 
Instruments. 


JOHN DAVIS & SON (Derby) LIMITED 
ALL SAINTS WORKS - DERBY 


Telephones : Derby 45403/4 & 45740 


U/QOOUU4U000400000000000000400000000000000000000000000000000000 0000000000 0000000000000000000000090000E0000000000000E0000EzOnEqOOdOzOUOdoedeeoeoeoneodaveUevenoneoonaouanen anne 


Telegrams : Davis, Derby 
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CLASSIFIED ADVERTISEMENTS 


DISPLAY ANNOUNCEMENT 















RATES: — 





1 insertion 40/- per single col. inch 
6 insertions 38/- per single col. inch 
12 insertions 36/- per single col. inch 

LINEAGE ANNOUNCEMENT RATES:— 4/- per line. 5% discount 6 insertions, 10% discount 12 insertions 

BOX Nos.:— 1/- extra will be charged 

COPY DATE:— Advertisements for March issue to be received not later than March Ist 

































SITUATIONS VACANT 


NUCLEAR PROJECTS 


H. M. HOBSON LTD. invite applications for the following vacancies in their Engineering 
Department in connection with work on several advanced projects. 


DESIGN ENGINEERS DRAUGHTSMEN | 


To initiate and develop design work on 
a wide variety of nuclear engineering 
equipment, including Reactor Control 
and Instrumentation Systems; Isotope fications—O.N.C. Previous experience of 
Loading Devices; Remote Handling precision components would be an ad- 
Machinery; Structures for Test Appara- 
tus; Fluid Pumping Systems. 


DEVELOPMENT ENGINEERS TECHNICAL WRITER 


To prepare Test Schedules and supervise 
development work on Mechanical, Elec- y 
trical and Chemical Engineering prob- and other documents connected with the 


To work on Sub-Assembly layouts and 
manufacturing drawings. Minimum quali- 


vantage. 


To prepare brochures, Work schedules 


lems associated with Nuclear Engineering above projects. Candidates for this post | 
Projects. must have an Engineering background. 
Candidates for these posts should hold at least 


H.N.C. but preferably Degree qualifications, ee a ee ae a 
and have at least 3 years previous experience offer good opportunities to men with initiative 


in Industry or with a Research organisation. and ability. 


All these posts carry attractive salaries and 


If you are interested you should write giving full details of your age, experience and education to : 


H. M. HOBSON LTD. Fordhouses, Wolverhampton 





EXPERIMENTALIST 


required by the United Kingdom Atomic Energy 

Authority at Dounreay Experimental Reactor Es- 

= tablishment, Thurso, Caithness, Scotland, to be 
erranti responsible for a group engaged on the testing of 


j 
' 
hydraulic and pneumatic systems and development { 
m - of control systems for reactors and laboratory plant. 
LIMITED EDINBURGH A pass degree or H.N.C. in an appropriate subject 
wish to recruit a is normally expected. All applicants should have 
experience of the operation and testing of hydraulic 
$ E Fe Vv 0 E M4 G | N E E bk or pneumatic circuits but those with less than the 
normal qualifications will be required to have had 
for automatic control of machine tools. An opportunity exists for an experi- exceptionally good experience. Some knowledge of 
enced Servomechanisms Engineer to take charge of the development of very electrical engineering as applied to electro-hydraulics } 
advanced servomechanisms for high-precision machine tool control and allied would be an advantage. The ability to be adaptable 
purposes. The problem is to extend the performance of hydraulic servo- in a small group with diverse problems is desirable. 
mechanisms and their associated transmission and feedback systems beyond Salary between £1,045 and £1,285 according to 
present-day standards, and represents a challenge for a man with a good qualifications and experience. 


theoretical background and practical experience of servo work, A staff position 
with membership of pension scheme and a substantial salary will be offered 
to the successful candidate, Please apply giving details of training and experi- 


Contributory Superannuation. Staff housing scheme. 
Hostel accommodation available. 








ence to the: Send postcard for application form, quoting rel 
Personnel Officer, Ferranti Limited, Ferry Road, Edinburgh, 5, quoting ref. erence 157/J50 to Personnel Manager at above 
SE/190 address. 


Closing date: 17th February, 1960. 













CONTROL February 1960 








ttomic Energy 
| Reactor Es- 
land, tw be 
the testing of 
1 development 
boratory plant. 
opriate subject 
s should have 
1 of hydraulic 
. less than the 

to have had 
knowledge of 
Pbctro-hydraulics 
» be adaptable 
s is desirable. 

according to 


yusing scheme. 


quoting ref- 
ger at above 


ary 1960 


— 


en ne 





DAVY AND UNITED 
INSTRUMENTS LIMITED 


Continued expansion and re-organ- 
ization has given rise to vacancies 


for 
SALES 
ENGINEER 


Applicants should be over 25 years 
of age, educated to G.C.E. level 
and hold either of the following 
qualifications. 


(1) H.N.C, Mechanical or equiva- 
lent and a sound mechanical engi- 
neering background. A knowledge 
of electrical or electronic engineer- 
ing is highly desirable, but appli- 
cants without this experience will 
be considered. 


(2) H.N.C. Electrical or equivalent 
and some experience in the field of 
electronics or control engineering. 
A knowledge of mechanical engi- 
neering practice in steelworks and 
or the chemical industry is highly 
desirable, but applicants without 
this experience will be considered. 
Successful applicants will be 
expected to undertake the prepara- 
tion of tenders for industrial in- 
struments and control systems and 
will have to be prepared to travel 
throughout the U.K. and possibly 
abroad for the purpose of selling 
this equipment. 


Good conditions in modern accom- 
modation, comprehensive ameni- 
ties, Contributory Superannuation 
Scheme. 


Apply in first instance with details 
of age, experience and qualifica- 
tions to:— 


Personnel Department, 
Davy and United Instruments 
Limited, 

Darnall, Sheffield. 


PRECISION 
ELECTRONICS 


The parent company of an_ industrial 
group engaged in precision engineering re- 
quires a Senior Development Engineer to 
direct a group in the Electronics Laboratory 
of its Developments organisation. 

This senior position offers considerable 
scope for a man with initiative and the 
ability to combine circuit ingenuity with 
sound practical design. Applicants must 
Possess a degree, or equivalent, and have 
had considerable experience of low-frequency 
electronics, including transistor circuits and, 
preferably, some knowledge of servos. 

The company is engaged on a_ wide 
variety of projects, both commercial and 
military, with new and well-equipped lab- 
oratories in the London area. The appoint- 
ment is pensionable and removal expenses 
would be refunded. 

Write, giving full details, to Chief 
Development Engineer, Box C122. 
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SITUATIONS VACANT 


Hawker Siddeley Aviation 


LIMITED 


THE ELECTRONICS ORGANISATION OF 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED 
have vacancies for 


















(a) A SENIOR ENGINEER to co-ordinate work on missile and aircraft electronic instrumentation 
systems. Previous experience in this field would be a decided advantage. 


(b) A SENIOR ENGINEER to take charge of a section engaged in development of electronic 
ground equipment, including missile test equipment and firing systems. 


Candidates for the above positions must possess a University degree or equivalent qualifications, 


and have a minimum of five years’ experience in the design and development of electronic equip- 
ment, 





These are senior appointments carrying monthly staff status, and the salary will be in accordance 
with qualifications and experience. 


In addition, there are vacancies for less experienced candidates, in a wide variety of applications, 
and for design draughtsmen, preferably with experience in electro-mechanical design. 


Salaries for these positions would be commensurate with qualifications and experience. 












Successful candidates will also be eligible for the Hawker Siddeley Group Pension and Life 
Assurance Scheme after a qualifying period. 


All the electronic activities of the Company are integrated within one organisation, which also 
undertakes a consideraole amount of commercial and industrial work. 






There is, therefore, scope 
for advancement in a number of directions, and transfers between groups are frequent. 






Please quote reference: TAO'E 4 





DYNAMICS GROUP 


Ihe above Group of the undermentioned Company 
















require the following technical personnel. 


(a) VIBRATION ENGINEER 


To investigate the behaviour of mechanical systems to applied vibration derived from complex 
sources. 














This work involves the measurement of vibration transmission through complex structures, 
the determination of resonant modes, and the effects of vibration on the performance of guided 
weapons. 


Applicants should possess a University degree in Physics, Mechanical or Electrical Engineering, 
and preferably some experience in this field. 


(b) A TECHNICAL ASSISTANT 


for work similar to that described above. 


Applicants with H.N.C. in Mechanical or Electrical Engineering are preferred but consideration 
will be given to candidates with lesser qualifications if suitably experienced. 





(c) ENGINEER 
(INSTRUMENTATION AND CONTROL) 


To be responsible for the operation and adjustment of electrical 
climatic test chambers This work involves the regulation of 





control equipment fitted to 
electrically operated control instru- 
ments and valves required to maintain the performance of the test chambers within close opera- 
tional tolerances. Design of specialised control equipment for particular test requirements may be 
involved as testing techniques develop. 











Applicants should possess H.N.C. or equivalent, together with a good knowledge of automatic 
systems, refrigerating machinery and air conditioning equipment. 





Initial salaries are arranged according to age, qualifications and experience, and progress is related 
to merit and ability. 


[he positions are permanent, and successful candidates will be eligible for the Hawker Siddeley 
Group Pension Scheme and Life Assurance Scheme after a qualifying period. 


Please quote reference: TAO/DYN 4. 








Applications for all above vacancies stating age, qualifications and 


experience should be 
addressed to:— 







Technical Appointments Officer, 
SIR W. G. ARMSTRONG WHITWORTH AIRCRAFT LIMITED, 
Baginton, Nr. Coventry. 


191 








ae 




















































SITUATIONS VACANT 





Electronic Engineers 


The Development Division of the Gresham Grou 


of Companies is expanding 


its activities in the development, design and manufacture of prototype electronic 
equipment for automatic instrumentation and control systems. 


New positions are open for Engineers in the field of 


Electronic Data Processing 


offering exceptional experience in 


logic system design 


transistor and magnetic core circuitry 


pulse techniques 


and project engineering. 


Applications are invited for these positions from Engineers with proven design 
and development ability and who are capable of undertaking the most advanced 
circuit design work and of employing the latest techniques and components. 
Applicants should possess a minimum of a Ist or 2nd Class Honours Degree. 
Post-graduate experience in the above subjects an advantage. 


Starting salary will be commensurate with the high standard of ability required. 
The Company operates Pension and Life Assurance Schemes. 


For further details, please apply in writing to 


The Technical Director, 


GRESHAM DEVELOPMENTS LTD., 
195 Uxbridge Road, Hampton Hill, Middlesex. 


development engineers 


Backed by a long established and important engineering group, and under 
new Management, EPSYLON is rapidly expanding, chiefly in the com- 


mercial fields of 


Instrumentation Magnetic Recording, Digital Data Logging 
and Processing, Video System and Textile Automation. 


The Company at present employs about 250 men and women. Working 
conditions are excellent and there is a generous Pension and Life Assur- 


ance Scheme in operation. 


Key positions as PROJECT LEADERS and SENIOR ENGINEERS are 
now available for men of high calibre, degree standard and sound 
practical experience. 
Those who join the Company now will have the best prospects of early 
advancement. 


Other vacancies for 


CIRCUIT DESIGNERS, MECHANICAL 


DESIGNERS, SYSTEMS and APPLICATIONS ENGINEERS. 


Apply to Personnel Officer, 


EPSYLON INDUSTRIES LIMITED 
Faggs Road, Feltham, Middlesex 





SITUATIONS WANTED 


SALES MANAGER, A.M.LE.E., 
M.S.M.A, Excellent commercial /techni- 
cal experience and record in precision 
electrical / electro-mechanical / servo- 
components, motors, process control 
equipment, etc., would like to hear from 
a company offering a top sales executive 
appointment with scope and financial 
reward, Box No. C119. 
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WHO CAN USE the part-time day ser- 
vices of an energetic and _ versatile 
A.M.LE.E. in the London area? Wide 
experience in electro-mechanisms, custo- 
mer liaison development, etc, Please write 
stating type of work and salary offered. 
Apply to Box C120. 


A CONTROL 
ENGINEER 





required for a company in the 
Home Counties who are specialis- 
ing in the application of computers 
to chemical process problems. It 
is essential that the candidate 
should have extensive experience in 
the operating and control prob- 
lems associated with the process 
industry and knowledge of servo 
techniques would be an added ad- 
vantage. The candidate will be 
responsible for the company’s 
activities in the studying of process 
dynamics and the application of 
computers to chemical process 
plant control. This will include 
liaison with a leading oil company 
who are installing one of the Com- 
pany’s computers. A very adequate 
salary will be paid for this position 
which will offer outstanding oppor- 
tunities in this most important 
field, 






















Apply : 
Personnel Manager, 
GENERAL PRECISION 
SYSTEMS LTD., 
Bicester Road, 
Aylesbury, Bucks. 


SYNCHRO 
ENGINEER 


A London company, of international 
repute in the instrument engineering field, 
requires a Senior Development Engineer to 
take charge of the development of a range 
of synchros and related components. 

Applicants must possess a degree, or 
equivalent, in electrical engineering and 
have had several years’ experience of synchro 
design. The ability to direct and co-ordin- 
ate all stages of development, from initial 
specification to final production design, is 
essential. 

This is a senior, pensionable, appoint- 
ment and removal expenses would be met 
by the company. Please write, giving full 
details of age, qualifications and salary 
requirements to Chief Engineer, Box C123, 
quoting reference DDA 2. 


AGENCIES WANTED 


PROGRESSIVE COMPANY of 
instrument makers and precision 
engineers are willing to enter into 
licensed agreement with patentees 
of electronic and mechanical 
instruments with good market 
prospects. 


Adequate facilities for develop- 
ment and production. 
Inquiries to: 
V. Lovett, Esq. 
H. & B. PRECISION 
ENGINEERS 


Station Estate, Watford, Herts. 
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SITUATIONS VACANT 





The OVERSEAS ENGINEERING DEPARTMENT 
of the 
DUNLOP RUBBER CO. LTD., 
requires a first-class 
INSTRUMENT DRAUGHTSMAN 


to work in their BIRMINGHAM offices on the design and detail of INSTRU- 
MENTATION/CONTROL SCHEMES for processing plant. An attractive 
salary will be paid to the person appointed. 


Applicants should possess a HIGHER NATIONAL CERTIFICATE 
(ELECTRICAL OR ELECTRONIC), and have a wide experience of instru- 
mentation, including measurement and control of temperature, flow and 
pressure, 


This post will be pensionable to men under 44 years of age at the time of 
engagement. Those interested should write in confidence, giving age, experience, 
commencing salary expected and quoting reference OE/M, to: 


Staff Officer, Employment Department, 
Fort Dunlop, Erdington, Birmingham, 24 





AUTOMATIC TEMPERATURE CON- 
Telephone your classified TROL AND INSTRUMENTATION 
advertisement to ENGINEER required for scheme designs 
and tenders. Apply Fuel Efficiency Co. 
MUSEUM 8252 Ltd., 20 Upper Ground, Blackfriars, Lon- 

don, S.E.1. 





SUPPLIES 


PHIL-TROL 
SOLENOIDS 


New 6 Page Leaflet (No. 108) now available. 
Covers small and medium solid core types 
including new types 45, 35, 36 and 37. 





Send for your copy now. 


Quick Delivery Solenoids are*normally despatched same day as receipt of order 


PHILLIPS CONTROL (6.B.) LTD, sexsecsty, “sans 


phone: Farnborough 1120 
* S ” 
The) Plug-in | 


Relay System | 3 


The most highly developed 
Relay System available 






D. ROBINSON and Co. 


LONDON ROAD, HOUNSLOW, M 


i HOUnslow 6266, 6267 & 


TRADE SERVICES 


REMOTE CONTROL schemes designed FACTORY TIME RECORDERS. Rental 
to suit pneumatic, hydraulic or electric service. Phone, Hop 2239. Time Recorder 
systems. Specialists in every field of re- Supply and Maintenance Co., Ltd., 157- 
mote control. Box C121. 159 Borough High St., SE1. 
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CAPACITY AVAILABLE 


PRESSINGS IN ALL 
METALS 
up to 60 tons 


Press tools manufactured in 
our own toolroom. Light 
assemblies—Domestic, Electri- 
cal and Mechanical. All 
finishes. A.D. and A.R.B. 
approved. Advice and estimates 
given free. 


Inquiries to: 
METAL COMPONENTS 
LTD. 


DOLPHIN ROAD 
SHOREHAM-BY-SEA 
SUSSEX 


Telephone : 
Shoreham-by-Sea 2224-5 


CHASSIS AND PANEL 
WIRING 
a 
Experienced wirers can give 
prompt deliveries. 

One off and small quantity work 
welcomed. 
Coilwinding facilities available. 
a 


COILWINDING SERVICES 


Ruvigny Works, Ruvigny Gardens, 
Lower Richmond Road, Putney, 
London, S.W.15 


Telephone : PUTney 2667 


IF you require high-class work 
with prompt delivery, may we 
please quote you? 

CAPSTAN turning up to 1}” dia., 
Centre Lathe, Multi-spindle Drill- 
ing, Assembly, etc. 
ELECTRICAL CABLE FORMS 
to customers’ specification. 


CHARLES BERNARD & CO. 
LTD. 
721 North Circular Road, 


London, NW2 
Telephone: GLAdstone 4019 





MACHINING CAPACITY, for small 
precision turning, Vertical and Hori- 
zontal Milling, etc. Prototypes and Spe- 
cial Purpose Machines. Press Tools, Jigs 
and Fixtures. S. & H. Bryant & Co., 
284 High Road, Willesden, N.W.10. Tel. 
WIL 2323. 


PROTOTYPE, small production and 
model work wanted by small A.LD. 
Approved firm. Able to cope willingly 
on economically with frequent changes 
in design. Fyfe, Wilson & Co. Ltd., 
Engineers, Bishop’s Stortford (Tel. B.S. 
1000 Ext. 1). 
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lf your problem is the design of thermostatic 

or pressure sensitive systems, small shaft couplings, 
pressure seals or vacuum seals, then the versatile metal 
bellows will provide the solution. 

HYDROFLEX are, of course, to be preferred. 
Please write to the Bellows Division for your copy 


of the catalogue, quoting reference ““C” 


DRAYTON REGULATOR & INSTRUMENT CO. LTD. 


West Drayton, Middlesex Telephone: West Drayton 4012 
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THE HEART 

OF ALL 

PRECISION 

PRESSURE robe 
MEASUREMENT . 


Galvanometer 
Recorders 
o-+4mA, 
500 ohm 


Chart 
Recorders 
© - 200 mV 


Magnetic 
Tape 
Recorders 
o-+3V 


Telemetering 
Preset 

e-t5V, 
+ 1% 


Digital 
Output 


PRESSURE TRANSDUCERS 


Insensitive to acceleration 
Linearity and hysteresis better than 0.5% 
Large Output 


Differential, absolute or gauge 
Now available as complete systems for quick delivery 


Type Size Range 

SE 70 . ar O-+ 2Pp.s.i. t0O- + 400 p.s.i. 

SE 50 1}” x 1}” O- + § Pp.s.i. t0. 0 — + 2,000 p.s.i. 

SE 65 7 ae O- + 2,000 p.s.i. to 0 — + 6,000 p.s.i. 


5. E. LABORATORIES LTD 


MEASUREMENT AND CONTROL EQUIPMENT 


Contractors to Ministry of Aviation - A.1.D. approved 
606, North Feltham Trading Estate, Feltham, Middlesex. Tel: Feltham 5876 








